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Summary 

The Working Group reports on the state of the stocks of western, southern, and north-east-Atlantic mackerel, southern 
horse mackerel, western horse mackerel, sardine and anchovy in Divisions VIlle and IXa, and anchovy in Sub-Area 
VIII. Corresponding catch forecasts are provided. No estimates of the state of the stocks of mackerel in the North Sea. 
horse mackerel in the North Sea nor of anchovy in Division !Xa are made because of a lack of biological information. 
Biological sampling of catches has been reviewed. Southem horse mackerel catches are very well covered by the 
sampling prograrnme. Sampling of commercial catches for sardine, for anchovy in VIII and for mackerel is considered 
adequate. Sampling coverage for western horse mackerel is poor. No new assessment is calculated for North-East 
Atlantic mackerel nor for Western mackerel, but a stock projection made from the previous assessment and using 
reported catches in 1997 agrees well with information analysed to date from the mackerel egg surveys in 1998. The 
stock appears to be relatively stable at present. Available data on mackerel distributions have been collatcd. The 
preliminary information from the western horse mackerel egg surveys indicates a much higher stock size than was 
expected. The assessments have bcen rcvised accordingly, but methodological problems with the assessment of this 
stock remain to be addressed. The assessments of both north-east Atlantic mackerel and western and southern horse 
mackerel will be updated in earl y 1999 when the analysis of egg survey information is complete. The assessment of 
Southem horse mackerel is closely consistent with !hat presented previously and there is little change in the perception 
of the dynamics of lhis slock. A new sardine assessment model has been formulated to address some methodological 
problems which have been discovered since the previous Working Group mceting. The perception of the state of the 
stock remains one in which recruitment is declining and fishing mortality increasing, but estimatcs of stock size in the 
1970s and early 1980s relative to recent stock sizes are now known to be unreliable. A weak recruitment is estimated for 
anchovy in VIII in 1998, and the stock is expected to decline in 1999 as the strong 1996 and 1997 year-classes cease to 
contribute to the adult stock. Environmental indices of rccruitment have been used for anchovy in VIII and have been 
proposed for sardine. 

Resume 

Le Groupe de Travail s'est interesse a l' etat des stocks de maquereaux: de I'Oucst, du Sud et du Nord-Est Atlantique, de 
chinchards du Sud et de l'Ouest, de la sardine et de l'anchois des Divisions CIEM Vlllc et !Xa el de l'anchois de la 
sous-zone CIEM VIII. Les previsions de captures ont ete fournies. Aucune estimation sur l' etat des ressources du 
maqucrcau et du chinchard en mer du Nord ainsi que de l'anchois de la Division CIEM IXa n'a pu etre fournie compte 
tenu du manque d'informations sur la biologie de ces especes. Les echantillons biologiqucs des captures Ont ete analyses 
dans le cadre de la determination des structures d' åge des populations capturees. Les Cchantillonnagcs des capturcs 
commerciales pour la sardine et l'anchois de la Division VIII et pour le rnaquereau sont consideres comme suffisants. 
Tandis que celui du chinchard de la zone Atlantique Ouest peut 6tre considere comme tres insuffisant. Aucune nouvelle 
evaluation n'a ete effectuCe ni pour le stock de maquereaux: du Nord-Est Atlantique ni pour celui du stock Ouest. 
Cependant, une prCvision sur l' etat du stock, effectuee a partir des evaluations ex.istantes et en utilisant les captures 
dCclarCes en 1997, concorde bien avec les informations actucllcmcnt collcctCes lors des carnpagnes d' evaluation de la 
repartition et de l'abondance des oeufs en 1998. Le stock apparalt s'6tre relativernent stahilisC. Les donnCes disponihlcs 
sur les distributions des maquereaux ant ete r€colt6es. L'information provenant de !'analyse prCiiminaire des campagnes 
de suivis des oeufs de chinchards indique que le niveau d'abondance du stock est plus elev€ que ce que l'on pensait. Les 
Cvaluations ont done pu Ctre ainsi rCvisCcs, mais des problemes methodologiques concernant 1'6valuation de ce stock 
demeurent. Les estimations d'abondance des stocks de maquereaux: du Nord-Est Atlantique ainsi quc du chinchard des 
zones Ouest et Sud Atlantique do i vent 6tre revues en 1999 a la lurniere de l' analyse complete des informations 
collect6es lors des campagnes de suivi des densites d'oeufs. L'Cvaluation du stock de chinchard du Sud est coh6rente 
avec celle qui a Ct€ effectuCc l'annee passec et peu de changements dans la dynarnique de ce stock sont constates. Un 
nouveau modele pour l' Cvaluation de l' abondance du stock de sardines a Cte formule pour prendre en comptc certains 
problemes methodologiques qui sont apparos depuis la precedente reunion du Groupe de Travail. La perception de l' etat 
de cette ressource est caractCrisCe par un recrutement dCclinant et une mortalite par peche qui s' accrolt. Cependant, les 
cstimations concernant la taille de ce stock dans les annCcs soix:antc-dix et le dCbut des annees quatre-vingts ne sont pas 
considCrCes comme fiables. Pour l'anchois de la zone VIII, on estime, a partir des indices cnvironncmcntaux, quc l' on 
aura un faible recrutement pour l'annee 1998 aboutissant a une diminution de l'abondance de cette espece en 1999, 
compte tenu de la diminulion de l'impact des cohortes 1996 et 1997 sur l'abondance de la population d'anchois adultes 
du golfe de Gascogne. Des indices de recrutement bases sur la variabilite des facteurs cnvironncmentaux (indices 
prenant en compte l'importance des remontees d'eaux froides) a ete utilise pour l'anchois et a ete propose pour la 
sardine. 
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l INTRODUCTION 

1.1 Terms of Reference 

The Mackerel, Horse Mackerel, Sardine and Anchovy Working Group met at ICES Headquartcrs from 28 September-? 
October 1998 to address the following terms of reference, as decided at the 85th Statutory Meeting ( 1997 Annua! 
Science Conference) (C.Res.l99712:11:9): 

a) assess the status of and provide catch options for 1999 for the stocks of mackerel and horse mackerel (defining 
stocks as appropriate); 

b) assess the status of and pro vide catch options for 1999 for the sardine stock in Divisions VIlle and !Xa, and the 
anchovy stocks in Sub-Area VIII and Division !Xa; 

c) provide the data required to carry out multispecies assessments (quarterly catches and mean weights at age in the 
catch and stock for 1997 by statistical rectangle of the North Sea for mackerel and horse mackerel) and review the 
time series of quarterly catch and weights at age for North Sea mackerel, western mackcrel, North Sea horse 
mackerel and western horse mackerel used by the MAWG in Doc. ICES CM 1997/Assess:l6, suggesting and 
documenting any necessary revisions to those series; 

d) consider the reference points proposed by the SGPAFM, adopting those reference points or presenling alternalives 
with reasons for the alternative selection; 

e) consider the harvest control rules proposed by the SGPAFM, taking into account uncertainties in the data, in the 
a.;;sessments and in the biological processes, and assuming a stock-recruitment relationship, to cstimatc the 
probability of avoiding limit reference points; 

f) update information on quantities of discards by gear type for the stocks and fishcries considered by this group using 
the format proposed by the WGECO with a view to establishing a time series; 

g) quantify changes in sardine and anchovy recruitment in the Iberian region ancl. the Bay of Biscay and investigatc 
possible relationships betwccn an y environmental parameters available and indiccs of rccruitment. 

In response to an additional term of reference received by ICES from NEAFC, the Working Gro up was als o asked to: 

h) collect and evaluate the availablc data on the area distribution of mackerel in the NEAFC area for juvenile as well as 
parental components and advise NEAFC on what further rcscarch is needed in order to give a comprehensive 
description of the distribution and possible technical intcraction. 

1.2 Participants 

Pablo Ahaunza 
Sergel Belikov 
Maria de Fatima Borges (Part Time) 
Pablo Carrera 
Chris Darby 
Guus Eltink 
Svein A. Iversen 
Jan Arge Jacobsen 
Ciaran Kelly 
Maria Manuel Martins 
John Molloy 
Alberta Murta 
John Nichols 
Kenneth Patterson (Chairman) 
Carmela Porteiro (Part Time) 
Patrick Prouzet 
David Reid 
Per Sparrc 
Eugene Sharnrai 
Dankert Skagen 
Eduardo Soarcs 

Spain 
Russia 
Portugal 
Spain 
UK (England and Wales) 
Ncthcrlands 
Norway 
Faroe Islands 
Ireland 
Portugal 
Ireland 
Portugal 
UK(England and Wales) 
UK (Scotland) 
Spain 
France 
UK (Scotland) 
Den mark 
Russia 
Norway 
Portugal 



Andres Uriarte 
Begofia Villamor 
Christopher Zimmermann 

Spain 
Spain 
Germany 

1.3 Report on Progress witb Respect to Recommendations 

The Working Group reviewed the progress which had becn made in respect to the various recommendations which had 
been made at the 1997 meeting. This is reviewed briefly as follows. 

Mackerel 

The observer programmc to monitor discards in the rnackerel/horse mackcrel fleets which had been strongly 
recomrnended has not been put in place. 

The mean wcights at age in the stock, calculated from Irish data, have bccn uscd together with Dutch data as the best 
estimates of the weights for the stock at spawning time. 

Distribution patterns in the North Sea and VIa North have not been further investigated. 

Mackerel egg surveys will be carricd out in the North Sea during 1999. 

Modelling work is currently in progress on improving the u se of the juvenile surveys for recruitment predictions. 

A new project on mackerel rccruitrnent, entitled SEAMAR (Shelf Edge Advcction, Mortality and Recruitrnent) will start 
on 1/1/99. This project is aimed at modelling larva! survival through. to recruitment. Participants are from Scotland, 
England, Spain, Portugal, Germany and Jreland. 

Horse Mackerel 

Therc has bccn no improvement in the age reading programmes carricd out by countries on horse mackercl in 1997. 
This, however ls expected to improvc in 1998 as Ireland has commenced an age rcading programme. 

A horse mackcrcl age rcading workshop is expected to be held earl y in 1999. 

No further research has been carried out on North Sea horse mackerel. 

Studies on the stock idcntity and migration patterns of Southern horse mackerel are being carried out but the rcsults have 
not yet been full y analysed. 

Sardine 

Acoustic surveys have been carried out in 1998 bul hav~: covered the entire area recommcndcJ. This, however, is not the 
entire area over which the stock is distributed. 

A planning group was belJ in rclation to the acoustic surveys. 

Recommendations agreed at the 1997 Workshop on Sardine Otolith Age Readings were implemented. An exchange of 
otoliths from the Gulf of Cadiz was arranged under the EU fundcd EFAN project. 

Anchovy 

Further studies on ageing of anchovy either by otoliths or other methods in the Gulf of Cadiz were carricd out. 

Coordinated acoustic surveys between France and Spain in the Bay of Biscay but no joint surveys were conducted in the 
Gulf of Cadiz. 

Collection of information physiology of anchovy in relation to post-spawning mortality were conducted. 

General 

Egg Survey Working Group is expected to mcct in Hamburg in Aprill999. 
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ICES 

A complete set of the relevant Working Group reports has not been made available to the Working Group as requested. 

1.4 Quality and Adequacy of Fishery and Sampling Data 

1.4.1 Sampling data from commercial fishery 

The Working Group again carried out a brief review of the sampling data and the level of sampling on the commercial 
fisheries. Sampling appears to be adequate for mackerel (approx. 83% coverage of catch), sardine and anchovy but poor 
for horse mackerel in the western areas and in the North Sea. A short summary of the data, similar to that presented in 
recent Working Group is shown for each stock species. The overall sampling intensity is similar in recent years. 
Intensive sampling programmes continue to be carried out by Spain and Portugal. On the other hand, sampling 
programmes on some of the large northern fisheries, particularly horse mackerel is very inadequate. Sampling 
programmes in Spain, Portugal, Ireland, England, France have been supported by an EU funded programme, 94/013. 
The sampling programme on the various species is summarised as follows. 

Mackerel 

Year Total catch (t) % Catch covered bl: Sam[!hns: Ero~ramme Sam12les Measured A~ed 
1992 760,000 85 920 77,000 11,800 

1993 825,000 83 890 80,411 12,922 

1994 822,000 80 807 72,541 13,360 

1995 755,000 85 1,008 102,383 14,481 

1996 563,600 79 1,492 171,830 14,130 

1997 569,600 83 1,067 138,845 16,355 

In mackercl it appears that over 83% of the total catch was covered by sampling. The overall sampling leve) appears to 
have decreased during 1997 and returned to the leve! of 1995. Spain and Portugal continue to carry out extremely 
intensive programme on their catches but Germany did not continue with their sampling programme which it had 
commenced in 1996. Norway and UK (Scotland) reduced their programmes but on the other hand Netherlands and UK 
(England) increascd their programrncs. Dcnmark only carrics out sampling on their catchcs during the fourth quarter. 
Thcrc are still, howcvcr, a numbcr of important mackcrcl catching countries which did not carry out any sampling 
programmes, e.g. Faroes, France, Germany and Swedcn. 

The main areas, that do not appear to be adequately samp1ed, are Division IIIa 8,000 t (Denmark), Division Vlllc 
3,400 t (France), Division Vlld 8,500 t (England). The sununarised details of the more important mackerel catching 
countries are shown in the following tab le for 1997: 

Country Official Catch Catch covered by samEting Erog_ramme Sam2les Measured Ag ed 
Norway 137,300 100 130 Il ,877 1,508 

UK (Scotland) 105,100 89 55 4,380 2,185 

Russia 53,700 100 57 7,886 685 

Ire land 53,100 99 63 11,869 4,138 

Spain 46,500 100 361 5,4274 2,671 

UK(England) Wales) 43,800 58 53 12,513 2,129 

Netherlands 23,700 100 76 6.083 1,900 

Den mark 22,000 63 4 219 74 

France 21,000 o o o o 
Germany 15,400 o o o o 
Faroes 11,200 o o o o 
Sweden 4,700 o o o o 
Estonia 4,400 o o o o 
Portugal 2,100 100 425 29,744 1,065 

Others + discards 24,100 95 o o o 
Total 568,100 o 1,076 138,845 16,355 
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Horse Mackerel 

The following table shows a surrunary of the overall sampling intens i ty on.horse mackerel catches in recent years. 

Year Total catch (t) Catch covered bl: sarnl!ling Erogramme Sam[>les Measured Ag ed 
1992 436,500 45 1,803 158,447 5,797 

1993 504,190 75 1,178 158,954 7,476 

1994 447,153 61 1,453 134,269 6,571 

1995 580,000 48 2,041 177,803 5,885 

1996 460,200 63 2,498 208,416 4,719 

1997 518,900 75 2,572 247,207 6,391 

Although the overall sampling levels on horse mackerel has increased considerably in recent years there are still ·a 
number of countrics that have substantial fisheries and do not carry out adcquatc programmes. The only couritries that 
carried out comprehensivc sampling programmes in 1997 were Netherlands, Portugal and Spain. Other countries, e.g. 
Ireland, Denmark and United Kingdom carry out no agcing programmes whatsoever. The lack of sampling data for large 
portions of the horse mackerel catch continues to have a scrious effect on the accuracy and reliability of the assessment 
and the Working Group remains concerned about the low numbcr of fish that have been aged during the last 4 years. 

The following table shows the most important horse mackerel catching countries and the summarised details of their 
sampling programme in 1997: 

Countr~ Catch (t) Catch covered br samEting I!ro~ammc Sam[> les Measured Agcd 
Netherlands 122,684 122,684 98 1,0936 2,450 

Ire land 74,250 38,835 25 3,639 o 
Denmark 63,077 59,617 50 1,390 o 
Norway 46,484 43,846 21 1,819 193 

Spain 41,993 41,987 678 50,987 752 

Germany 36,379 o o o o 
Scotland 32,894 o o o o 
Others 22,345 21,260 

England 20,047 o o o o 
Portugal 18,659 18,659 l ,717 178,436 2,996 

Total 478,812 346,888 1,717 247,207 6,391 

*Includes discards, small catchcs by other countries, and some unallocated catches. 

The sampling covcragc for the various fi.shcrics are shown below: 

Catch o/c Catch covered by sampling Sam p les Measured Aged 
1reland 52.3 25 3,639 
Ncthcrlands 100 98 10,936 2,450 
Norway 94.3 4 1,819 193 
Spain 100 678 50,987 752 
England o 
Spain 94.5 50 1,390 
Germany 
Portugal 100 1,717 178,436 2,996 
Scot1and 
Others (22,345 l) 96.8 
Total (518,882 t) 74.6 2572 24,7202 6,391 
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The sampling intcnsity for the western fisheries was as follows: 

Catch % Catch covered b~ samEling SamEles 
Ireland 52.3 25 
N etherlands 100 75 
Norway 94.3 4 
Spain 99.7 38 
Denmark 94.5 50 
Portugal 100 27 
Others (144,273 t) o o 
Total Catch (442,571 t) 219 

The sampling intensity for the North Sea fishery was as follows: 

Catch % Catch covered b~ sarnEling SamE les 
Netherlands 100 23 
Others (8,324 t) o o 
Total catch ( 19,540 t) 23 

The sampling intensity for the Southern fishery was as follows: 

Catch 
Spain 
Portugal 
Total catch (56,771 t) 

% Catch covcrcd by sarnEling 
100 
100 
100 

SamEles 
640 
1690 
2330 

Measured 
3,639 
8,039 
1,819 
2,608 
1,390 
1,862 

o 
19,357 

Measurcd 
2,897 

o 
2,897 

Measured 
48,379 
176,574 
224,953 

Ag ed 
o 

1,875 
193 
52 
o 
o 
o 

2,120 

Ag ed 
575 
o 

575 

Ag ed 
700 

2,996 
3,696 

Many of the important fisheries carried out throughout Sub-Areas VI and VII remain inadequately sampled and catchcs 
have to be converted to numbers at age using data based on the Dutch sampling programme. As has been pointed out 
many times this procedure may not be appropriate, particularly if fisheries are carried out by vessels using different 
gears and at different times of the year. 

Sardines 

The sampling programmes carried out on sardines in 1997 were again very similar to the programmcs of recent years 
and are summarised as follows: 

Year To tal catch ( t) Catch covered b~ samEling Erogramme % SamE les Measured Ag ed 
1992 164,000 79 788 66,346 4,086 

1993 149,600 96 Rl3 6R,225 4,R21 

1994 162,900 83 748 63,788 4,253 

1995 138,204 88 716 59,444 4,991 

1996 126,926 90 833 73,220 4,830 

1997 115.814 97 790 79,969 5,133 

In general the overall sampling intensity remains at a satisfactory level and good coverage is maintained throughout the 
year. No sampling programmes are carried out by France or Denmark. 

The summarised details of individual sampling programmes in 1997 are shown below: 

Country Catch (t) Catch covered b~ samEling Erogramme SamE les Measured Ag ed 
Portugal 81,156 81,156 444 48,193 3,400 

Spain 34,658 346 31,776 

France 14,105 o o o o 
UK (England) 4,907 4,830 6 683 o 
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Anchovv 

The sampling programmes carried out on anchovy in 1997 are summariscd below. The programmes are shown 
scparalcly for Sub-area VIII and for Division !Xa. Sampling lhroughout Divisions Vllb+d and VIlle appcars lo be 
satisfactory. No sampling programme (ages and lcnglhs) is carried out on catches (5,500 t) taken from Division VIlla 
although these catches are sarnpled for size category. 

The overall sampling levels for recent years are shown below: 

Year Total catch (t) Catch covered b~ sarnElins Erosramme (l) SamE les Measured Ag ed 
1992 40,800 37,700 289 17,112 3,805 

1993 39,700 39,700 323 21,113 6,563 

1994 34,600 34,400 281 17, Ill 2,923 

1995 42,104 35,048 ? ? ? 

1996 38,773 36,053 214 17,800 4,029 

1997 27,440 20,966 258 18,850 5,194 

The sampling programmes for France and Spain are summarised below: 

Country Division Catch (t) Catch covered (t) Sarnples Measured Ag ed 

France VIlla 5528 o o o o 
Francc Vllb,d 6303 6303 61 2968 1590 

Spain VIIIb,d 3937 3937 55 2957 1089 

Spain VIlle( east) 6072 6067 114 8034 2515 

Spain VIIIc(wcsl) 307 o o o o 

Countr~ Division Calch (l) Catch covered (t) Same les Mcasurcd Ag ed 
Spain Div.!Xa 4654 4654 28 4891 o 
Portugal Div. !Xa 631 o o o o 
Total Div.!Xa 5285 4654 28 4891 o 

1.4.2 Catch data 

Recent W or king Groups have on a numbcr of occasions discussed the accuracy of the landings statistics and the 
possibility of large-scale underreporting or specics and area misreporting. These discussions applied particularly to 
mackerel and horse mackerel in the northern areas. This topic was again discussed by the present Working Group. 

For mackercl and horse mackcrel it was concluded that in the southern arcas the catch statistics appear to be satisfactory. 
In the northern areas it was concluded that in 1996 and 1997 there has been a considcrable improvement in the accuracy 
of the total landing figures. This is because of tighter enforcement of the management measurcs in respect of the national 
quotas and because of the increasing awareness of the importancc of accurate catch figures for possible zonal attachmcnt 
of somc stocks. Thcrc is Still, however, large-scale area misreporting of catchcs particularly in Areas IV, VI and VII and 
possibly surne spccics misrcporting. Underreporting of catches because of transshipping of catches at sea has decreased 
in rcccnt years because most of the catchcs are now landed to factories ashorc. Information on discard kveis is available 
for only one fleet but discards may also he carricd out by other fleets. Therefore the total amounts discanlcd rnay be 
underreported. (see Section 1.4.3 below). 

1.4.3 Discards 

Mackerel 

Only one country (Netherlands) supplies information on discards and this information is not applied to any other fleet. 
There is no new information on discard levels during 1997. 

Discarding of small mackerel hashistorically hcen a major problem in the mackcrcl fishery and was largcly responsible 
for the introduction of the south-west mackerel box. In the years prior to 1994 there was evidence of large-scalc 
discarding and slipping of small mackcrcl in the fisheries in Division Ha and Sub-area IV, mainly hccause of the very 
high priccs paid for largcr mackcrcl (>600 g). This factor was put forward as a possible reason for the very low 
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abundance of the 1991 year class in the 1993 catches in numbers at age. In some fisheries. e.g. !hose in Sub-areas VI 
and VII, mackerel is taken as a by-catch in the horse mackerel fisheries. Reports from these fisheries have suggested !hat 
discarding may be significant because of the low mackerel quota relative to the high horse mackerel quota- particularly 
in those fisheries carried out by freezer trawlers. In the fisheries carried out in Divisions Ila and IV a the difference in 
prices paid for small and large mackerel has decreased since 1994 and the Working Group assumed that discarding may 
have been reduced in these areas. The level of discards is grcatly influenccd by the markct prices and by quota. 

In autumn 1997 an EU-funded programme involving Norway and Scotland commenced with the intention of studying 
the performance of the purse seine fisheries for herring and mackerel. This programme which will continue over two 
years will provide data on discards for these fleets. The Working Group would also like to draw attention to the 
possibility that discarding of small mackerel may again become a problem in all areas particularly if a strong year class 
enters the fishery. 

An EU programme carried out by Spain studied the rate of discards of all specics laken by the Spanish fleets, fishing in 
Sub-areas VI, VII, VIlle and IXa. The results of this study (Perez et al. 1994) showed that the discard rates varied by 
species, area and fishing fleet. The observed levels of discards were between 0.2%-25.7% for horse mackerel, between 
O.l% and 8.1% for mackerel and less than l% for sardine. 

Horse mackerel 

As with mackerel only the Netherlands provides information on discards in the horse mackerel fisheries. The amounts of 
horse mackerel discarded by the Dutch fleet represents a much small er proportion (3%) of their total catch than in the 
mackerel fisheries (79%) and there appears to be no apparent reason why vessels would discard significant amounts 
apart from losses due to damagc to nets. There appcars to be no significant amounts of discarding in the Southern horse 
mackerel fishery but there is no data available. 

Sardine 

Discarding in the sardine fishery is not considered to be a significant problem but there are no estimates available. 

Anchovy 

As in the sardine fishery there are no estimates of discards in the anchovy fishery but there does not appear to be any 
significant problem. 

Because of the potenlial importance of significant discard lcvcls on the mackerel and horse mackerel assessments the 
Working Group again recommends that obse"ers should be placed on board vessels in those areas in which 
discarding may be a problem. This obse"er programme should be commenced as soon as possible. 

1.4.4 Age reading 

The quality of the age data for the various assessments depends on l) the accuracy and precision of the age readings of 
each species, and 2) the sampling intensity which enables the catches to be com·erted into numbcrs at age. The Working 
Group examined the various specics with rcspcct to these factors. Factor l is dcalt with in this Section, but factor 2 is 
dcalt with in Scclion 1.4.1. 

Mackercl 

A mackerel otolith exchange in 1994 showcd that the ageing was of a poor quality. Therefore an otolith workshop was 
held in February 1995 (ICES 1995/H: 1). This improved the quality considerably, and the Working Group now has more 
confidence in the precision of the age readings. 

Horse Mackerel 

A horse mackerel otolith exchange was carried out in 1996. The results showed that there is a considerable bias in the 
age readings. The results of the exchange are described in ICES (1998/Assess:6) and in Eltink (1997). 

As in recent ycars, the only countries carrying out age readings on otoliths of horse mackerel are the Netherlands, Spain, 
Portugal and Norway. For the western area the catches of the non-sampling countries use the age compositions of either 
the Netherlands or Norway (only for the Divisions Ila and IV a area) to raise !hese to their own catches. In some cases 
this causes serious problems, e.g. where in a certain arca/period the Netherlands took only one sample because of low 
Dutch catchcs and the Dutch age composition wao;; then raised to the high catches of non-sampling countries. The quality 
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of the catch in numbers at age would improve considerably, if the non-sampling countries, with relatively high catches 
would start to age hOrse mackerel and would take samplcs for ageing relative to their catches. It is therefore extremely 
important that countries like Ireland~ Denmark and the United Kingdom should initiate ageing programmes immediately. 
The text table below shows how the number of otolith readings relates to the catches by country for all areas in 1997. 
The position is little changed from that reported for 1996 (see Section 4.7). 

Country Catch (t)* Otoliths read 

Netherlands 122,700 2,450 

Ire] and 74,200 o 
Denmark 63,100 o 
Portugal 18,700 2,996 

UK 52,900 o 
Norway 46,500 193 

Spain 42,000 752 

Germany 36,400 o 
Others 22,300 o 

*This includcs discards. 

The Working Group, once again, strongly reconunends !hat all countries with relatively high horse mackerel 
catches should sample for age at an adequate leve!. 

Sardine 

In 1997, a Workshop on Sardine Otolith Age Reading was held in IEO, Vigo (Spain), following the sardine otolith 
exchange between Spain and Portugal carried out during 1996. Oto1ith samples collected in different areas and seasons 
off the Atlantic-Iberian coasts were analysed. It was concluded that there was a general good agreement between 
readings of the different readers involved and that the readings of the Spanish reader, who is responsiblc for the age 
length keys, were the most consistent. There was also a reasonably good agreemcnt bctwccn thosc rcadings and the 
rcadings made by the most cxpericnced Portuguese readers. 

This Workshop produced several recommendations aiming at improving the age rcading.S and also adopted a protocol 
with the criteria for the standardisation of sardine age determination_ It was also planned that this pfotocol will be 
produced as a guide which will assist all otolith readers in the future. 

A further problem has arisen in the last year with the appearance of a different growth pattcrn in the youngcr age groups 
(0, 1). This may lcad to misintcrpretation of the age of thesc youngcr age groups in the futurc. 

Anchovy 

The age readings of anchovy and the age sampling of all the catches continue to appear to be satisfactory in Sub-area 
VIII. In Division !Xa the age sampling of the catches appears to be satisfactory but there is not a well established 
mcthodology for age dctcrmination. 

1.4.5 Biological data 

The main problems in respect to the biological data (except age reading), which are identified by the Working Group for 
the various specics, are as follows: 

Mackerel 

The proportion maturc of lH, 2· and 3-year old mackerel appears to be overestimated in the present maturity ogive. This 
is because tlrst of all it is based mainly on a visual ·assessmcnt of maturity stage without the necessary histological 
evaluation. Furthermore it is potentially biased by disproportionate sampling in nominally adult and juvenile areas. 

The sampling for adult parameters during the 1998 egg surveys includcd .a strategy to cnsure that a new maturity ogivc, 
based on fish in both juvenile and adult areas, and with histological evaluation, can be proouced. These new data will be 
available at the next Mackcrcl and Horse Mackcrcl Egg Working Group meeting in April 1999. 
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Horse mackerel 

The selection of an appropriate maturity ogive for the western horse mackerel stock still presents major difficulties. This 
affccts the accuracy of the assessment. As in the case of mackerel above, sampling targeted at resolving this problem 
was carried out during the 1998 egg survcys and will be available in April 1999. 

There exists uncertainty about the leve! of natural mortality (ICES 1998/Assess:6). 

Sardine 

The maturity ogive is decreasing to older ages, a feature which seems to be generated by problems in sampling for 
maturity. 

Anchovy 

The main biological problems for anchovy Iies in understanding the migration of 0-group fish and their pre-recruit 
distribution. Information is also required about variations in natural mortality (M) as M may increase dramatically 
immediately after spawning has been completed. A betler understanding is needed of seasonal growth in weight and 
length to modulate the time evolution over time of cohorts, because of the large seasonal changes in growth. The input 
of hydroclimatic conditions on the recruitment success needs to be hetter understood since the physical conditions 
strongly affect the strength of the recruitment. 

1.5 Progress Report from the Mackerel and Horse Mackerel Egg Survey Working Group 

1.5.1 Historie data series 

Plankton surveys, targeted at mackerel and horse mackerel eggs, have been carried, out on a triennial basis, in the 
western area since 1977. They were initially set up to pro vide an estimate of the spawning stock size of the western 
mackerel in the absence of time series data from the fishery on which to base a standard assessment. This was at a time 
of rapid growth in the exploitation of the stock with catches increasing from a few thousand tonnes annually to over 
400,000 tonnes in 1975. This was set against the background of the dramatic collap>e of the North Sea mackerel fishery 
in the earl y I 970s. The surveys, initially designed to cover the spawning of mackerel, also provided information on the 
spawning of horse mackerel. They have also been used to provide an estimate of the spawning stock biomass of horse 
mackerel since 1987 with back calculations made to the 1977 survey. 

Over the twcnty·onc year period of the surveys changes have heen made in the way the surveys are carried out and the 
data analysed. Changes in sampling procedures were comprehensively documented in the report of the Mackerel and 
Horse Mackerel Egg Production Workshop (ICES 1994/H:4). Changes have also been made in the sampling, analysis 
and interpretation of data on fecundity, maturity and sex ratio of both species. Many of the changes have resultcd from 
related research projects which have provided new knowledge of the biology of both spccics. 

As a result of the changes to egg production estimates and to adult parameters, rctrospcctivc changes have been made to 
the cstimatcs of SSB of both species. These changes have heen made, either by the Egg Working Group and endorsed 
by the asscssment Working Group, or as a result of decisions made by the assessrnent Working Group. They are listed in 
Table l.S. l. l (mackerel) and Table 1.5.1.2 (horse mackerel). The reasons for those changes are best explained by 
detailing the major factors which have contributed to them. 

a) Sex ratio 

Mackerel: 

Observations made during the 1977 surveys suggested a sex ratio of l: 1.64 females to males. This was not supported by 
further investigation and the expected ratio of 1: l was eventually used for the 1977 and all subsequent surveys. 

Horse mackerel: 

A sex ratio of l: l is used. 

b) Internolated rectangles 

Protocol permits an interpolated valuc to be uscd for an unsamplcd rectangle where there are two or more adjacent 
sampled rectangles. For the 1977 survey the interpolated value was calculated using the geometric mean of all adjacent 

9 



rcctangles including those diagonally adjaccnt. In 1993 the Assessment Working Group (Anon. Assess:19) 
recommended the use of the arithmetic mean instead of the geometri c mean. 

Mackerel: 

Corrections, using the arithmetic means, were made back to the 1983 survey. Corrections were not possible for the 1977 
and 1980 surveys because same of the individual rcctangle data were missing. 

Horse mackerel: 

Corrections, using the arithmetic means, were made hack to the 1989 survey only. 

c) Potential Fecundity 

Mackerel: 

For the 1977 to 1986 surveys the observed fecundity in 1986, of 1,457 eggs per gram female, was used. A new fecundity 
estimate was made for 1989 of 1,608 eggs per gram female. (ICES 1990/H:2). This was significantly different from the 
previous estimate and was used as a separate value. New estimates were also made in 1992 (l ,569 eggs per gram 
female) and in 1995 (1,473 eggs per gram female). The Egg Working Group (ICES 1997/H:4) did not consider lhesc 
values to be signifieantly different and used a mean value for 1992 and 1995. The whole question was re-evaluated at 
the Assessmenl Working Group in October 1997 (ICES 1998/Assess:22). It was decidcd that where valid individual 
estimates of potential fecundity wcrc made in an egg survey year, then those individual estimates should be used. For the 
years 1977 to 1983 where no estimates were made, the mean of the observed values for the years 1986, 1989, 1992 and 
1995 of 1,526 eggs per gram female would he uscd. This mean figure would not be further updated as new observations 
are made in the futurc. 

Horse mackerel: 

In 1987, when the estimate of egg production was first used to calculate a SSB, the only available data on fccundity 
were from Nazarov (1977) for the Celtic Sea area. Observations hy Eltink and Vingerhoed (1989) in 1987 and 1988, in 
the western area provided an estimate of l ,655 eggs per gram female which was used retrospectively in 1989. New 
observations in 1992 (1,454 eggs per gram female) were initially applied to the 1992 survey only and lhen combined 
with previous estimates to produce a mean fccundity of 1,589 eggs per. gram female. The reasons for combining the 
ohscrvations wa<.; that this provided a hetter coveragc of the length distribution. 

d) Atresia 

Mackerel: 

Following detailed research into the spawning biology of mackerel it was rccommended by the 1993 Working Oroup 
that a correction be made to the potential fecundity figurc to take account of the numhcr of atretic oocytes observed. An 
observed value of fU0:9a atrcsia was accepted and applicd retrospectively to. the potential fccundity figures to gi ve a 
series of realis:ed fecundity values. Further research suggested that the value of 8.8% was an undcrcstimate and a new 
figure of 10.2%, the mean of observatioos in 1992 and 1995, was uscd rclrospectively from 1995. The Egg Working 
Group (ICES l997/H:4) found significant diffcrences between years. Il was subsequently agreed (!CES 
1998/Assess:l9), thatlhc individual values for the ohscrved years 1989, 1992 and 1995 should be used and that for the 
earlier years the mean of the ohscrvcd values would be used. As in the case of fecundity, this mcan figure will not be 
further updated as new observations are made in the future. 

Horse mackerel: 

The supporting rcsearch on atresia in horse mackercl is not as extensive as that for mackerel. A value of 10% for atresia 
was first applied, retrospectivcly, lo the estimates of SSB in 1993. Observations in 1995 contirmed that this value was 
too high and the new value of 3.4% was applied retrospectively in 1996. 
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e) Other factors 

Mackerel: 

The second period egg survey in May 1980 produced an exceptionally low value which gave a total egg production of 
1.48 x 1015 stage l eggs. This was rejected by the Egg Working Group in 1984 (ICES 1984/H:3) and the resultant egg 
production used was 1.84 x 1015 stage l eggs. A review of the problem was carried out by the Egg Working Group in 
1993 (ICES 1993/H:4). No new evidence could be found for rejecting the second survey point, in spile of evidence that 
the lower egg production produced a belter fit to the historie VPA data set. The Assessment Working Group revisited 
the problem (ICES 1995/Assess:Z) and recommended that the !hird survey data point, and the resultant lower egg 
·production and SSB, be used in future. Currently both values are published in the data table. 

In 1989 the first survey period generated a very high production value of 2.22 x 1015 stage I mackerel eggs. It was 
subsequently found that the standard sampling strategy had been seriously violated on that survey. It was concluded that 
the violation had generated the abnorrnally high value and that it should be rejected. The resultant estimate of seasonal 
egg production was 1.41 x 1015 stage l eggs. 

Same small errors were generated when the egg survey data base was transferred from Lowestoft to Aberdeen in 1993. 
These affected the egg production estimates for the survey ycars 1986 and 1989 only. 

Minor changes have been made to the egg production estimates in I983 and 1986 and 1995 by the inclusion of survey 
data from outside the designated standard area in that year. 

Horse rnackerel: 

When the estimates of horse mackerel egg production were first used to calculate SSB, in 1987, some of the survey data 
were not then available. These data were added in 1988 and gcncrated significant increases in the estimates of egg 
production and SSB. 

The problems generated for mackerel egg production by the first survey in 1989 were also applicable to horse mackerel. 
The survey data were therefore not uscd. 

1.5.2 The 1998 egg survey 

The egg survcys of the western and southern areas werc succcssfully carried out, over the period January to July, 
according to the plan agreed at the planning meeting in Lisbon in 1997 (ICES l997/H:4). The number of sampling 
periods had to be reduced from sevcn to six, to match eventual availability of survey vessels. 

Preliminary results from the western area only show that the survcys successfully covered the spatial distribution of 
horse mackcrcl spawning but the peak of stage l egg production occurred on the final survey. 

The tempora! distribution of mackercl spawning in the western area was well covered but spatially the western 
houndary, north of the Porcupinc Bank, and the northern boundary was not well establishcJ in the sampling periods 4 
and 5. 

The survcys hegan in the southern area on 17 January with Portugal surveying the whole area from 36°N to 43°N up to 
31 January. In the second period, starting on 8 February, Portugal full y sampled the area from 37'45'N to 43'N but poor 
weather prcvcntcd sampling to the south of that area. A furthcr coverage of the area south of 43'N by Portugal from 22 
to 28 February was severely hampered by bad weather and a large area at the south-western corner south of 38°N was 
not sampled. 

Spain surveyed the area from 43'N and along the Cantabrian coast in period 3, from 13 March to l April, achieving a 
good coverage, with the exception of five unsampled rectangles at the western edge of the standard area. Sampling in the 
southern area in period 4 began on 7 April and ended on 28 April. Spain expcricnced serious delays due to poor weather 
during this period. A total of 20 rectangles at the northern, western and eastern edges of the standard area were not 
sampled. Planned coverage by Spain (!EQ) into the southern end of the western area in period 4 had to be abandoncd. 
Sampling in the southern area, north of 42'N in period 5, was carried out by Netherlands and Spain (AZTI) and in 
period 6 by England. 
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Provisional plots of the abundance of mackerel and horse mackerel eggs, off Galicia and in the Cantabrian Sea, were 
provided by Spain (IEO) for periods 3 and 4. Data from the other participants have not yet been fully analysed and no 
provisional estimatcs of egg production were available at the Working Group. 

Sampling targets for the adult parameters (fecundity, atresia and maturity), in the southern area, were satisfactorily 
achieved by Spain (IEO) for both species. For mackerel atresia 19 samples (258 tish), for maturity 13 samples (347 tish) 
and for fecundity 2 samples (69 tish) were taken. For horse mackerel atresia 19 samples (281tish), maturity 14 samples 
(376 tish) and for fecundity Il samples (123 tish) were laken. Most of the sampling targets for mackerel and horse 
mackerel adult parameters were mel by Portugal, with the exception of rnackerel maturity targets which were under­
sampled in the nominal juvenile areas. 

The surveys began in sampling pcriod 3 on 15 March with good covcragc of the standard area, from 44°N to 53°N, by 
Germany with 28 duplicate samples, south of 46"N, taken by Spain (IEO). Sampling in period 4 was carried out by 
Scotland and The Netherlands from 16-30 April with a full coverage of the standard area. Because of poor weather in 
the south, Spain (IEO) was unable to sample in the western area during period 4. The planned samples were taken by the 
Netherlands instead. Sampling, targeted at the cxpected peak spawning for both spccies, in period 5 (26 May-13 June) 
was shared between The Netherlands, Norway, Ireland, England and Spain (AZTI). Sampling in the final period from 14 
June-5 July was carried out by Ireland Scotland and England. 

Sorting identification and staging of mackerel and horse mackerel eggs was carried out on board ship during the surveys 
by Scotland, Germany and Norway. Data from those countries, together with the data from Ireland, have been fully 
workcd up and were available as numbers of stage l eggs produced per day, for preliminary analysis at this Working 
Group. The Netherlands sorted plankton samples on board ship and provided most of their data, fully worked up, to the 
Working Group. All the sample data from period 5 and same of the western area data in period 6, taken by England, 
were also available for preliminary analysis. The data from Spain (AZTI) were not available. 

A provisional cstimate was made of egg production in the western area, based on the incomplete data set. and is rcported 
for mackerel in Scction 2.5.2 and for horse mackerel in Section 6.3. 

All fecundity sample collection targcts in the western area were met for both species, the samples have been distributed 
between SOAEFD and CEF AS but have not y et been fully processed. 

Samples for the estimation of atresia in both species have been takcn in all periods but the samplcs from Spain, Norway 
have not yet been delivered to CEFAS for processing. 

Only lhree of the ten planned histology samples (100 tish each) were col!ected for the estimation of the mackerel 
maturity ogivc. Two of those were from offshore, nominally adult areas and one from a nominal juvenile area. Some 
additional observations of mackcrcl maturity were made by Norway but no samples were takcn for histological 
screening. A total of 14 samples were takcn for·the estimation of horse mackerel maturity but the dcsignated juvenilc 
areas were under sampled compared with adult arcas. 

1.6 Quality Control Procedures 

The topic of quality control was discussed and it was noted that a comprehensive assessment of this topic was outside 
the resources of the Working Group. As a contribution in this area, howevcr, the Working Group dccided to review its 
procedures for collection and maintenance of national catch, catch sampling and age-structured information. 

Primary responsibility for the accuracy of national biological data Iies with the national laboratories that submit such 
data. Data co-ordinators have the responsibility for combining, collating, and interpolating information whcre necessary. 
A number of validation check:s will, however, be made by the co-ordinators (using suitable software which will be 
developed intersessionally) who will in the first instance report anomalies to the laboratory which provided the data. 
When reports of catches without accompanying sampling information are provided, it would be helpful to provide an 
indication of what data could be used as representative of these unsampled catchcs. Information on stratification should 
also be provided. 

The Working Group endorses the proccdurcs recommended in the draft 'Code of practice for data handling by 
asscssment working.groups' prepared by the Study Group on Future Requirements for Fisheries ASsessment Data and 
Software. The Working Group's approach to implernenting thesc recommendations is that: 
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An existing spreadsheet used for national data submissions will be developed further to: 

(l) bu ild in internal consistency checks, 
(2) add a macro facility to export data in a standard format, 
(3) be fully protected except for data entry in specified cells. 

The standard long-term data storage should be in an agreed ASCII format as specified in Patterson (WD 1998). 
Allocations of unsampled catches to age-distributions for calculating total international catches at age and weights at 
age will be made as descrihed therein. Age distributions should always be stored together with the relevant 
information on sampling intensity. 

ICES is requested to provide a secure long-term electronic data storage facility to allow the W or king Group to bu ild 
a long-term database. 

Where possible, species-specific data validation and range-checking will be implemented in approprialc software. 

Compiled and documented programmes (and not spreadsheets) should be used in the preparation of standard tables 
of biological information for assessment purposes. 

For anchovy, a complex method of catch sampling based on stratifying by commercial size-catcgories is used. Because 
of this, the software system described above is not suitable for this species and an alternative system should be 
developed. 

The Working Group will document sampling covcrage of the catches in two ways. Sampling effort will be tabulated 
against official catches by species (as in Section 1.4). The Working Group also suggests that plots of cumulative 
sampling effort on cumulative catch (accumulated across the area, time and Sub-Divisions which are used as data 
reporting units) can be used as a qualitative guide to the effectiveness of sampling effort. Examples are given as Figures 
1.6.1. and 1.6.2. In such plots, an appropriate sampling scheme would generate roughly a straight diagonal line. From 
Figurc 1.6.1 it can be seen that a relatively greater sampling effon for NE Atlantic mackerel is applied to smaller 
catchcs. When this is examincd by quartcr (Figure 1.6.2) it can be secn that relatively large catchcs which are not 
sampled for age occur in the latter half of the year. 

At ACFM's suggestion, the Working Group will providc an assessment summary for cach of the stocks in the proposed 
format. 

1.7 Fleet Descriptions 

Den mark 

Information on the Danish tleet will be provided in next year's Working Group report. 

England and Wales (UK) 

The pelagic tleet of England and Wales is small and the cffort has remained relative] y unchanged over the past ten years. 
The majority of the landings are by three midwater freezer trawlers, two purser/trawlers and five vessels us ing either a 
single or a paired mid-water trawl. 

The freezer trawlers and purser/trawlers range in length from 44 to 92 metres and have an engine power of 2300--
6500 HP. They account for over 90% of the pelagic catch, fishing in the seasonal fisheries open to them for herring, 
mackcrcl, horse mackerel and pilchard in area VI, the North Sea and to the west of lrcland. Most of their catches are 
landed outside the UK. 

The five mid-water trawlers range in size from Il to 14.5 metres and from 200 to 300 HP. They fish mainly for 
mackerel and pilchard in Division Vlle. There is a very large fleet of between two hundred and three hundred hand 
Iiners. The majority of these vessels are less than 10 metres in length. They fish almost exclusively for mackcrel in the 
pcrmitted hand line fishery inside the SW of the England mackcrcl box. Thcir numbers increased to the present level in 
the earl y 1990s and have rem ai ned stable since then. They account for 4% of the England and Wales mackerel catch. 
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Faroe Islands 

The Faroese purse-seine fishing tleet has been rather stable in number since the late 70s, with about lO vessels. There 
have been a couple of new vessels bought which have replaced older vessels, and the others have installed new and more 
powerful main engines, somctimes with an additional segment (lOm) inscrted into the vessel to increase the holding 
capacity. At present 10 vessels are operating (1500-6000 HP). 

They fish traditionally for capelin, blue whiting, herring, mackerel and horse mackerel in their traditional fishing areas 
(west of Ireland/UK, North Sea, Faroes, Iceland, Norwegian Sea, Norway, Jan Mayen, Barents Sea, and Svalbard). The 
strategy has been to fish for whatever fish catchablc with purse-seines in a fishery characterised as an. opportunistic 
seasonal fishery. 

France 

The French fleet for pelagic fishes can be divided in two parts: an industrial one, comprising 3 pelagic trawlers (ca. 70 
metres length) fishing for herring, mackerel and horse mackerel mainly in Division VII, together with the Dutch fleet, 
and an artisanal one, comprising a bo ut 150 boats fishing anchovy, mackerel, horse mackerel and sardine rnainly in the 
Bay of Biscay and the Channel. The artisanal !leet consists of less !han 20 purse-seiners, located in the Basque Country 
and in Southern Brittany, and pelagic trawlers fishing in pairs, generally located in the Northern part of the Bay of 
Biscay and in the Basque Country. 

Germany 

Due to the total ban of the North Sea herring fishery in the late 70s and the beginning of the 80s Germany started a 
limited mackerel fishcry in areas west of the British Isles. 

The former numerous German trawler fleet declined in the 80s. After the reunification of the former German Dernocratic 
Republic (GOR) with the Federal Republic of Germany (FRG) in 1989 some aged stern trawlers from the GOR jo i ned 
the fleet and increased the numbers to 17 (freezing capacity ca. 30 t/day). In the following years some of them went out 
of service and only a co up le of stern-trawlers of the former FRG-fleet took part in the mackercl fishcry in peak scason as 
a consequence of an improved economic situation within the fishing company. From 1988 onwards, the pelagic fleet was 
partially replaced by four large freezer trawlers fishing exclusively pelagic species. They have daily frcezing capacitiCs 
of 120-280 t, and were mostly financed by Dutch funds. Thcsc new ships and considerable developments in catching 
techniques and material (larger nets, increasc of cngine power etc.) led to a complete achievement of the official 
mackerel quota in the last couple of years. 

Until the mid-80s there was almost no interest in Horse Mackerel in Germany. As a compcnsation for decreasing hcrring 
and mackerel catches in the ICES area since 1990, horse-mackcrcl catchcs incrca"icd, especially in SA VI.and SA VII. 

An overview over the development of the German pelagir..: Lrawlcr llcct is given bclow: 

!ear 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
no. pelagic trawlers l 2 4 4 4 4 4 4 
GRT 4500 4500 4500 7721 11918 12050 12050 12050 18264* 18264* 
no. othcr trawlcrs lO lO 10 17 17 14 14 13 11 8 
GRT 20285 20285 18402 32003 31024 28211 25670 24024 20357* 17437* 
(* since 1996 gross tonnage) 

Ireland 

The Irish pelagic !leet, which specialises in fishing for mackerel, horse mackcrel, atlanto-scandian herring and blue 
whiting, is mainly based at Killybegs on the Northwest coast. The num ber of vessels in !his fleet is 23. This number has 
increased in reccnt years with the addition of approximately 6 small vessels to the mackerel and horse mackerel 
fisheries. All vessels, with the exception of one factory ship, are refrigerated sea water vesseJs (R.S.W.) and use 
either pair or single pelagic trawls. The engine power of the tank vessels range from 860-3350 kW, average 2014 kW. 
The Icngth range from 32m-65m, average 43 m. The factory trawler has 5850 kW with a length of 98 m. 

New vessels are now concentrating on speed, rathcr than capacity, with the object of delivering hetter quality catches to 
the most lucrative markets. Vessels have continually increased the size of nets and their manoeuvrability in recent years 
and this, together with new sonars, has had an extrcmcly important influcncc on catching efficiency. 
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All vessels fish under quota restrictions and for mackerel each vessel has an individual quota per week. Restrictions may 
shortly be in place on number of days permitted at sea. Closed seasons are also in operation. The target species for this 
fleet depends very much on the quotas and markets. Vessels may often change target species during the year. All vessels 
fish for mackerel during the open seasons in Divisions !Va, Via, Vllh and Vllj. Fish are landed in Norway, the Faroes, 
Scotland and Ireland. The factory trawler fishes throughout Areas VI, VII and Division !Va, and lands mainly into 
Germany. 

Most of the horse mackerel catch has been taken during Quarters 3 and 4 from the inshore waters in the southern pan of 
Division Via and from Vllh, by the smaller tank vessels. In recent years the areas from which catches have been taken 
have expanded (Division Vllj, southern Division of Area VII, e.g. Vlle,f,g). Most of the catch is landed in Ireland for 
the Japan ese market. 

Netherlands 

The Dutch fleet on pelagic fish can be divided in two types of vessels, that use pelagic trawls: Vessels landing frozen 
fish: "Freezcr Trawlers", and Vessels landing fresh fish: "Cutters". The description of the fleet is given by type of 
vessel. 

Freezer Trawlers. In 1997 the number of freezer trawlers was 14, having a mean length of 95 m and a mean engine 
power of 6100 HP. 72% of the total catch was laken in EU waters, while 28% was caught ncar west Africa. In EU areas 
in 1997 51% of the pelagic catch consistcd of horse mackerel, 18% of herring, 16% of mackerel, 9% of bluc whiting and 
2% of greater argentine. Another 9 Dutch owned freezer trawlers sail under foreign flags (2 English, 4 German and 3 
French). 

In the period 1988-1997, the number of ships remained the same, but the catch almost doubled (200,000 t to nearly 
400,000 t). During the period 1988-1991 there was a fishery off Morocco, the US east coast and the Falklands. From 
1994-1996 there was a fishery off Namibia, and from 1996 onwards an increasing fishery off Mauritania is developing 
for the largest trawlers. In 1995 a new type of side-sean-sonar was introduced, which improved fish detection 
considerably. In !996light pelagic trawl doors were used for catching fish near the surface. 

Cutters. In 1997, 2 ships used pelagic trawls separate ly and 6 ships actcd as pair trawlers. In summer cutters are 
beamtrawlers fishing for plaice and sole. In that year the number of cutters was 8, having a mean length of 40 m and a 
mean engine power of 1842 HP. The total catch was laken in EU waters and consisted of 72% herring, 12% horse 
mackerel and 9% mackerel. During the last 10 years the numher of vessels decreased as well as the catch (33,000 t to 
12,000 t). 

Norway 

The Norwegian vessels fishing for mackerel are divided intu two main groups; smaller and larger than 23.45 m (70ft). 
The smaller boats have to be registered as mackerel vessels but have no individual vessel quota. Thcy are fishing on a 
shared quota which has been 20,000 t in several years. This quota was increased to 30,000 t in 1998. Thcse vessels fish 
with hand lines, gi li nets and pursc seines. 

The group of vessels larger !han 23.45 m consists of some traw1ers which have a total yearly quota of 3,000-5,000 t, 
and ahout l 00 largcr purse seiners. The purse seiners take the main part of the catches. Their share of the quo ta is the 
Norwegian TAC for the actual year minus the fixcd quotas for the smaller vessels and the trawlers. All the purse seiners 
are fishing according to individual quotas which are rclatcd to the size of the vessel. The purse seiners are fishing 
directly for mackerel, horse mackerel, herring, capehn and sprat. Surne of them are also equipped for blue whiting 
trawling. 

Portugal 

The Portuguese fishing fleet operates mainly in the Portuguese EEZ. Vesscls can be classificd into three types: artisanal 
(also called po1yvalent), purse·seiners and trawlers. The first type uses different types of gears, such as small seine 
nets, gill-nets, hook and line, traps and small trawls. Most vcsscls can use several of these gears simultaneously, and they 
are usually of very small dimensions (length of 3-20m, average engine power of 17 kW). The trawlers and purse­
seiners are usually larger vcssels (above 20m length, 200/500 kW) which operate only with one kind of gear. 

The development of the number of vessels by gear in the mainland and islands show a decrease in all types of vessels 
until 1995 in the mainland. Numbcrs of artisanal boats reduced from 11.467 to 9,172, numbers of pursc scincrs from 
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260 to 190 and numbers of trawlers from 148 to 114. In the last 2 years the numbers. remained more or less stable. In 
Madeira and the Azores the num ber of vessels in all gears remained stable during the period considered. 

Changes in the main target species were not reported for this period. The main target species are sardine, horse-rnackerel 
and hake. 

Russian Federation (Russia) 

The fishery on pelagic fish, including mackerel, is conducted by freezer trawlers which use exclusively pelagic trawls. 
The Russian fleet operating in the Norwegian Sea consists of two types of vessels: Large vessels with a length range of 
83-120 m, with an engine power of 2000-7200 HP, and middle-sized vessels, ranging from 59 to 62 m length, 
equipped with engines of 1320-2400 HP. In summer 1997 the flcct comprised 38 large and 9 middle-sizcd trawlcrs. 

Russian vessels fish in a directed fishery for post-spawning mackerel migrating to the Norwegian Sea (ICES Sub-areas 
Ila, !Va, Vb) for feeding. They also catch mackerel and horse mackerel as by-catch in _the blue whiting and herring 
fishery. The major part of mackerel catches was taken in Sub-area Ila in international waters. Over the last ten years the 
total amount of vessels decreased by approx. 50%, but the share of large vessels increased (from 53 to 83%). The yicld 
ofmackerel increased from 27.9 to 53.7 thousand tover the last decade. 

Scotland (UK) 

During 1986-1996, the overall number of vesscls in the fleet has fallen from 58 to 46. General!y there has been a 
decrease in the numbers of vessels less than 49 m accompanied by an increase in the numbers of vessels over 50 m. The 
catching power of the fleet has also increased along with vcssel size. The number of vessels using the purse seine has 
dec!ined from 46 in 1986 to only 29 in 1996. From about 1991, there has been an increase in the numbcrs of single 
vessels over 50 metres using the pclagic trawl (see following table). 

The main target species for the ScoUish pelagic fleet in the period 1986-1997 were herring and mackerel in arcas VIa 
and IV a. However in 1997, landings of blue whiting and horse mackcrcl increased considerably. Preliminary data for 
1998 indicate that this trend is Jikely to continuc. 

Year 1986 1987 1988 1989 1990 1991 
Gear PPT PSE PPT PSE PPT PSE PPT PSE PPT PSE PPT PSE SBPT 

>50m No vessels 6 9 Il 10 10 5 4 
Av Power kw 1445 1660 1664 1704 1805 1326 1970 

Total No vessels 12 46 7 47 6 46 13 47 Il 47 Il 40 4 
Av Power kw 414 925 356 1063 405 1103 426 1218 489 1259 475 1276 1970 

Year 1992 1993 1994 1995 1996 
Gear PPT PSE SBPT PPT PSE SBPT PPT PSE SHPT PPT PSE SBPT PPT PSE SBPT 

>SOm No vessels 7 4 2 4 3 3 5 4 3 8 Il 7 
Av Power kw !566 2114 1514 2014 2!38 1589 1721 2223 1558 1795 1883 2280 1327 2591 

Total No vessels 8 39 4 9 37 3 JO 35 4 8 24 10 lO 29 7 
Av Power kw 554 1234 2114 761 1338 2138 834 1290 2223 768 1300 1735 898 1206 2591 

PPT=Pelagic pair trawll PSE=Purse seine, SBPT~Single boatpelagic trawl 

Spain 

In the ICES ai'ea a considerable part of the Spanish fishing fleet is fishing closc to the littoral, although they sometimcs 
work at same distance from the coast. This multispccies fishery is exploited hy scvcral fleets. A seasonal exploitation, 
dcpcnding on the presence and abundance of species throughout the year, is characterising it. 

The fishery is characterised by their seasonal nature and their exploitation dcpends on the presence and abundance of 
species throughout the year. This holds especially true for the pelagic fishery, the so-called 'costeras'. This fleet can be 
divided into several sections. Thcir share of the total catch highly depends on the season as wel1 as the gcographical 
region. 

Purse-seine fleet: its main target species are anchovy and sardine. Al most 100% of the catch of these· two spccics is 
obtained by this fleet, which also catches horse mackerel and mackerel though always in relation to the availability of 
the target species. 
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Hand-line fleet: this tleet is aimed at mackerel from March to May in Sub-division VIlle East and the Spanish part of 
Division VIIIb. 

Trawl fleet: The trawl tleet targets demersal species, but catches pelagic species associated with them, mainly horse 
mackerel and, in small quantities, mackereL In the Gulf of Cadiz some trawlers also catch anchovy eventually, when the 
abundance of other demersal species of interest to the tleet falls. The trawl tleet uses different bottom trawls ('baca', 
'bou' and pair-trawl), 'baca' being the most widely used gear. 

Gillnet fleet: this tleet targets demersal species and catches horse mackerel and mackerel in small quantities. 

Artisanal fleet: consists of vessels of very small size, which have a wide variety of gears, mainly different gillnets and 
hand-lines, which catch species on rocky bottoms. 

During the last 5 years (there are no homogeneous data available prior to 1993), the purse-seine fleet has decreased its 
number of vessels (from 261 to 226) and increased the mean power (from 403 to 440 HP) in Sub-division VIlle East 
The number of trawlers was reduced significantly in SD VIlle East and West (45 to 34 and 61 to 44, respectively). In 
Sub-division IXa South, there is an increase in the number of purse-seine vessels in the last two ycars, white in the multi­
purpose fleet the number of vessels and mean engine power has reduced. The fleets in all other areas showed some 
fluctuation, but were more or less stable. The following table sumrnarises the structure of the Spanish fleet fishing for 
pelagic species in 1997: 

Sub-division fleet type n vessels mean length (m) mean engine power (HP) 

VIlle East Artisanal 583 7 47 
Gi linet 38 13 144 

Hook 304 12 136 
Pursc scincr 226 23 440 

Trawl 34 23 425 

VIlle West Artisanal 1311 6 28 
Gi linet 67 14 !52 
Hook 239 16 214 
Pursc seincr 107 14 194 
Trawl 44 26 516 

IXa North Artisanal 6027 5 22 
Gillnet l 9 51 
Hook !52 20 358 
Pursc scincr 187 13 176 
Trawl 105 24 435 

IXa South Multi purposc 54 Il 134 
(Trawi+Artisanal) 
Purse seiner 79 14 257 

1.8 Future Research 

The Working Group is awarc that a num ber of rcsearch programmcs are bcing carricd out at different laboratories which 
may in the immediate future be of assistance to the various assessments. It is important thal the rcsults of these 
investigations should be made available as soon as possible to the Working Group and that the Working Group should 
be kept informed of the progress in these programmes. 

Somc of the programmes which are of particular interest are: 

• The exploratory fishing programmes being carried out on chartered commercial vessels by Faroe Islands, Norway 
and Russia that are aimcd at obtaining information on the summer distribution of mackerel throughout Sub-areas V 
and Il. 

• The progranunes, being carried out by Russia, using commercial aircraft and information from satellites, on the 
migrations of mackcrcl shoals. 

• The final results of the EU-funded mackerel tagg ing project. 
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• lnvestigations heing carried out by CEFAS and AZTI on the relationship between environmental conditions (water 
tcmperature and wind speed and directions) and recruitment. 

• Discard levels of mackerel in the purse-seine fleets are being studied m a joint Norwegian, UK (Scotland) 
programme. 

• Norwegian studies on genetic differentiation of Atlantic spawning stocks of mackcrcl are continuing. 

• A new project on mackerel recruitment, entitled SEAMAR ( Shelf Edge Advection, Mortality, and Recruitment), 
coordinated by England will start on 1/1199. This project is aimed at modelling larva! survival through to 
recruitment. 

• Scotland and Norway are planning acoustic surveys on mackerel in the fourth quarter in the Northern North Sea. 
These surveys may be able to produce an SSB index for mackerel for years in-between those in which the egg 
surveys· are carried out and so could be vital in rcducing the risk inherent in having an SSB valuc only once every 
three years. 

• A new project (AIR CT 97-3374) is currently being carried out by the institutes of AZTI, IEO, IFREMER and 
IPIMAR on the ecology of juveniles of pclagic spccics (mainly anchovy and sardinc). This project entitled 
"Experimental Survcys for Assessment of Juveniles" will provide a hetter understanding of the ecology and spatia! 
distribution of the juveniles of these species in autumn time in Sub-areas VII, VIII and IX. 

• Surveys, aimed at studying the abundance and distribution ofjuvcnilc mackcrc1 in and around the "Cornwall Box", 
will be carried out by the UK in the winter of 199811999. 
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Table 1.5.1.1 a 

Chanees in Mackerel Staee l Eee production estimates x1015 

Year SurvevYear 
1977 1980 1983 1986 1989 

1978 a 1.61 
1979 a 1.98 
1981 a 1.48 
1984 b 1.44 
1984 a 1.98 1.84 l.S 
1987 a 1.98 1.84 l.S 
1990 a 
1993 a 1.98 1.84 l.S 
1993 b 1.98 1.84 1.53 
1995 b 1.98 1.84/1.48 1.53 
1996 a 1.98 1.84 1.53 
1996 b 1.98 1.84 1.53 
1997 a 1.98 1.84/1.48 l.S3 
1997 b 1.98 1.84/1.48 1.53 

a- Egg Workshop or Working Group 
b- Assessment Working Group 

Table 1.5.1.1 b 

1.166 
1.4112.22 

1.17 l.SO 
1.16 I.S2 
1.24 1.52 
1.24 l.S2 
1.24 1.52 
1.24 l.S2 
1.24 1.53 

1992 

1.78 
1.94 
1.94 
1.94 
1.94 
1.94 
1.94 

Chanl!es in Mackerel SSB Estimates '000 tonnes 
Year SurveyYear 

1977 1980 1983 1986 1989 1992 
1981 a 1.8 
1984 a 2.9 2.4 
1987 a 3.0 2.9 2.4 l.S 
1990 a 2.01/2.93 
1993 a 3.22 2.99 2.44 1.90 2.21 2.69 
1993 b 3.22 2.99 2.49 1.89 2.24 2.93 
1995 b 3.22 2.99/2.41 2.49 2.01 2.24 2.93 
1996 a 3.22 2.99 2.49 2.01 2.24 2.93 
1996 b 3.22 2.99 2.49 2.01 2.24 2.93 
1997 a 3.22 2.99/2.41 2.49 2.02 2.24 3.09 
1997 b 3.2S 3.02/2.43 2.S1 2.1S 2.S6 2.93 

a- Egg Workshop or Working Group 

b - Assessment W orking Gro up 
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1995 

1.27 
1.31 
1.49 
1.49 

1995 

2.1 
1.97 
2.37 
2.47 
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Table 1.5.1.2 a 

Chan2es in Horse Mackerel sta2e l e22 production Estimates x 1015 

Year Survey Year 
1977 1980 1983 1986 1989 1992 1995 

1987 a 0.497 0.427 0.192 0.299 
1988 b 0.533 0.635 0.381 0.508 
1989 b 0.533 0.635 0.381 0.508 
1990 a 1.683 
1990 b 0.533 0.635 0.381 0.508 1.683 
1993 a 0.533 0.635 0.381 0.508 1.683 1.370 
1993 b 0.533 0.635 0.381 0.508 1.63 1.58 
1996 a 0.533 0.635 0.381 0.508 1.63 1.58 0.96 
1997 b 0.533 0.635 0.381 0.508 1.63 1.58 1.226 

a- Egg Workshop or Working Group 

b- Assessment Working Group 

Table 1.5.1.2 b 

Chan2es in the Horse Mackerel SSB Estimates '000 tonnes 
Year Survey Year 

1977 1980 1983 1986 1989 1992 1995 
1987 a 1.128 0.987 0.445 0.692 
1988 b 1.244 1.652 1.084 1.361 
1989 b 0.86 1.023 0.614 0.819 
1990 a 2.13 
1990 b 0.676 0.806 0.483 0.645 2.13 
1993 a 0.75 0.89 0.54 0.72 2.37 2.20 
1993 b 0.78 0.93 0.56 0.75 2.39 2.32 
1996 a 0.78 0.93 0.56 0.75 2.39 2.32 1.34 
1997 b 0.74 0.89 0.53 0.71 2.28 2.21 1.71 

a - Egg Workshop or W or king Gro up 

b- Assessment Working Group 
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2 NORTH EAST ATLANTIC MACKEREL 

2.1 ACFM Advice and Management Applicable to 1997 and 1998 

The TACs agreed by the various management authorities and the advice given by ACFM for 1997 and 1998 were a' 
follows: 

1997 1998 -
Stock Advice recommended Agreed TAC Catch ACFM: Highest AgreedTAC 

byACFM tabu1ated option 
within 
precautionary 
range 

North Sea Stock Lowest possible leve! 52.8 ? LPL 52.8 
Western Stock Significant reduction in F 387.4 529 1 478.0 1 461.5 
Southern Stock Significant reduction in F 30 41 2 21.02 35. 

' Assumed to be ma.mly Western stock mackerel, taken from Sub-area IV, DIVIswn Illa and Ila, and .mcluded .m the total 
agreed TAC for the western stock. 
2Division VIlle, Sub-areas IX and X and CECAF Division 34.1.1 (EU waters only). 

The agreed TAC for 1997 for all slacks combined amounts to 470,205 t, and that for 1998 to 549,335 t. Both thcse 
figures include the agreements between EU, Norway and the Faroes, and agreements that the Faroes has with Iceland, 
Estonia and Russia. The agreement with Russia is a by-catch quota. 

For 1997 ACFM: rccommcnded a significant reduction in fishing mortality in order to restore and maintain the SSB 
within the range observed in the time series available. For 1998, ACFM recomrnended a fishing mortality betwecn 0.15 
and 0.20, the highest tabulated F consistent with the precautionary approach wns given as 0.8F97• 

It is again important to stress that while the TAC options are meant to apply to the total catch of all mackerel over the 
total distribution area the actual agreed T ACs do not apply to the catches takcn in international waters. The total catches 
in international waters, which are mainly taken by Russia in the Norwegian Sea, have been increasing in rccent years. In 
1998, the Russian catch in Faroesc and international waters is at the same levet as in reccnt years. There are no 
restrictions on the amount of fish which can be takcn in the fishery in international waters. 

In addition to the TACs and the national quota the following are same of the more important additional management 
measures which were in force in 1997 and are again in force in 1998. These measures are mainly designed to afford 
maximum protection to the North Sea stock while it remains in its present dcpleted state while at the same time allowing 
fishing on the western stock while it is present in the North Sea. 

l. Prohibition of fishing in Division IV a during Quancrs l and 2, and of a directcd mackerel fishery in Divisions IVb 
and IV c throughoul the year (Norway opened for a fishery in Division IV a the first half of the year since 1996); 

2. Prohibition of a directed rnackerel fishery in the "Mackerel Box"; 

3. Minimum landing size of 30 cm for Sub-area IV, Division Hia and 20 cm for Divisions VIlle and IXa; 

Various national measures such as dosed seasons and boat quotas are also in operations in most of the major mackcrcl 
catching countries. 

2.2 The Fishery in 1997 

2.2.1 Species mixing 

Scombersp. 

As in previous years, there was both a Spanish and a Portuguese fishery for Spanish mackerel, Scomber japonicus, in the 
south of Division VIIIb, in Division Vliic and Division !Xa. 

Tablc 2.2.1.1 shows the Spanish landings by Sub-division in the period 1982-1997. In 1997 the catch in Division VIIIb 
was 362 t, a fall with rcspcct to 1996. The catch in Sub-division Vlllc East reached 4,416 t in 1997, being the highcst 
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catch registered since 1982. In Sub-division VIlle West the catch was 610 t, an increase with respect to 1996. In Sub­
division IXa North in 1997, the catch fell (1,727 t) compared with the period 1993-1997. 

Data of monthly landings by gear and area were obtained from fishing vessel owner's associations and fishennen's 
associations through the existing information network of the IEO and AZTI (Advisory Organisations to Fisheries and 
Oceanography Administration) in all ports of the Cantabrian and Galician ports. In the parts of Cantabria and Northern 
Galicia (Sub-division VIlle West) catches of S. scombrus and S. japanicus are separated by species, since each of them 
is important in a certain season of ~e year. In the ports of Southem Galicia (Sub~division IXa North) the separation of 
the catch of the two species is not registered in all the ports, for which reason the total separation of the catch is made 
based on the monthly percentages of the ports in which they are separated and based on the samplings carried out on the 
parts of this area. 

In Sub-division IXa South, the Gulf of Cadiz, there is a small Spanish fishery for mixed mackerel species which had a 
catch of 613 t of Spanish mackerel in 1997. In the bottom trawl surveys carried out in the Gulf of Cadiz in 1997, catches 
of S. Scombrus were scarce or even non-existent, with S. japonicus making up 99% of the total catch in weight of both 
species (M. Millcin, pers. comm). Due to the uncertainties as to the proportion of S. Scombrus in Jandings, they have 
never been included in the mackerel catches reported to this Working Group by Spain. 

In Portugal the landings of Spanish mackerel from Division IXa (CN, CS and S) wcrc 5,408 t in 1997, more abundant in 
the southern areas than those of the north (Table 2.2.1.1). These species are landed hy all fleets but the pursc seincrs 
accounted for 73% of total weight. Landings data are collected from the auction market system and sent to the General 
Directorate for Fisheries where they are compiled. This includes information on the landings per species hy day and 
vessel. 

There is believed to be little error in the identification of mackerel species in the Spanish and Portuguese fisheries in 
Divisions Vlllb,c and in Division IXa. 

The catches of the Scamber japonicus are not included in the TAC of the Scomber scombrus for the Southern area. 

2.2.2 Catch estimates 

The total catch estimated by the Working Group to have been taken from the various areas is shown in Table 2.2.2.1. 
This table shows the development of the fisheries since 1969. The total catches per quarter sine 1990 are shown in the 
text table below. The total estimated catch in 1997 was about 569,500 t which was approximately 5,000 t higher than the 
catch taken in 1996 which was the lowest recorded from the fishcry sincc 1973. The TACs set for 1997 for all areas for 
which TACs were agreed amounted to 470,205 t (See Section 2.5.1.1.) The decrease in catches during 1996 and 1997 
have bccn mainly due to the decrease in the TACs set as a result of the international agreements and the more effective 
enforcement of the management measures. The corresponding TAC agreed for 1998 is 549,335 t. Estimates of discards 
are also shown in this table but these estimates apply to one flcet only. 

During 1997 the highest catchcs (over 227,000 t) were again taken from Sub-area IV and Division IIIa- over 215,700 t 
of these ha ving bccn takcn in Division IV a. The catches taken from Division Ila and Divisions Va and Vb (105,000 t) 
wherc the international fisheries take place were very similar to those recorded in 1996. The overall catch taken in the 
fisheries in Sub-areas VI and VII and in Divisions Vlla,b,d,c was 196,000 t comparcJ to 213,000 l in 1996. However, 
there was a considerable decrease in the catchcs from Division VIa wherc the catch fell from 130,000 t in 1996 to 
67,000 t in 1997. This decrease was mainly rccorJcJ by Ire land (-1 0,000 t), Scotland ( -13,000 t), France ( -7,000 t), anJ 
in the unallocated catches (-9,500 l).Thcre was a corresponding increase in the catch in Dlvision VII where the catch 
increased from 80,000 t in 1996 to over l 14,000 t in 1997. This increase in total catch was reflected throughout all the 
main fishing divisions in Sub area VIL 

The catches taken in Divisions VIlle and IXa have slow! y increased in recent years and the 1997 catch of over 40,700 t 
continued this trend and is the highest recorded since 1977. The amounts of catch misreported during 1997 was about 
72,000 t compared with 52,000 t in the previous year. Thcsc catches were mainly laken in Division IV a but were 
reported as having been takcn in Division VIa. Catches from the fishery in the southern part of Division VIa which had 
devcloped considerably in recent years decreased in 1997 and fell from 20,000 t in the mid nineties to 15,000 t in 1997. 

The catches per quarter and per Sub-area and by Division are shown in Tablc 2.2.2.1 and also in Figurcs 2.7.1.1 to 
2.7.1.4. 

The quartcrly distribution of the fisheries in 1997 was very similar to that of 1995 and 1996. Over 34% of the total catch 
was taken during the lst quarter as the shoals migratc through Sub-area VI to the main spawning areas in Sub-arca VII. 
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Only Il% of the total catch was taken in Quarter 2, most of it from Sub-areas VI and VII. During Quarter 3 the main 
catches (33%)werc recordcd from Division Ila and Division IV a from the shoals on the summer feeding: areas. During 
Quarter 4 the main catches (22%) were recordcd from the ovcrwintcring arcas in Divisions IV a and IV a. The main 
catches from Division VIlle (88%) of the total for the division were taken in Quarter l and 2. Catches from Division 
!Xa were evenly distributed throughout the year. 

The quarterly distributions of the catches since 1990 are shown in the table below There appears to have been an 
important but gradual changes in the timing of the fisheries. 

Percentage distribution of the total catches from 1990-1997 

Year Ql Q2 Q3 Q4 

1990 28 6 26 40 

1991 38 5 25 32 

1992 34 5 24 37 

1993 29 7 25 39 

1994 32 6 28 34 

1995 37 8 27 28 

1996 37 8 32 23 

1997 34 Il 33 22 

National catches 

The national catchcs rccordcd hy the various countrics for the different arcas are shown in Table 2.2.2.2-2.2.2.5. As has 
been stated in previous reports these figures should not be used to study trends in national figures both because of the 
degree of misreporting, and because of the high "unallocated" catches recorded in some years due to somc countries 
exceeding their quota. The main mackerel catching countries in recent years continue to be Norway, United Kingdom~ 
Ireland~ Nethcrlands and Russia. 

The total catch recorded from Divisions Ila and Vb (Table 2.2.2.2) was believed to he ahout 105,500 t, which was very 
similar to that for 1996 (104,000 t). Most of this catch was laken by Norway and Russia. The total catch believcd to 
have been taken from "international waters" in this area for 1997 was about 55,000 t. High levels of misreporting were 
recordcd in 1994 (109~600 t) between Divisions IV a and Division Ila. Howcver, there appears to have been little 
rnisreporting in recent yeas from these areas although there is no data to support this assumption. 

The total catch recorded from the North Sea (Sub-area IV and Division Ula) (Table 2.2.2.3) was 227,600 t comparcd 
with 212~800 t in 1996. Ahout 73,500 t were believed to have bccn takcn in Division IV a but were reported as having 
heen taken in Division VIa. The main catches were recorded hy Norway (96~300 1), whilc substantial catches, totalling 
were also recorded by Denmark (22,000 t) and the United Kingdom (19,000 t)_ 

The total catch estimated from the Western areas (Table 2.2.2.4) was 195,820 t, after corrections for unallocated and 
misreportcJ catchcs (minus 69,000 t). The unallocatcd, misreported catches and discards are mainly made up of an 
unallocatcd catch of approximately 4,600 t together with catchcs of about 73,500 t believed to have been taken ·in 
Division IV a. The national catches have been very stable for a numhcr of ycars- the rriain catches being recorded by the 
United Kingdom (129,000 t), Ire land (53,000 t) and the Netherlands (28,000 t). 

The total catch recordcd from Divisions VIlle and IXa (Table 2.2.2.5) was 40,700 t which is the highest total recorded 
since before 1977 and continues the increasing trend in catches from Lhis area ohscrvcd in recent years. The TAC for 
1997 was 30,000 t while that for 1998 was 35,000 t .. The increased catches were as a result of increased priccs for 
mackerel and the increased effort hy the Spanish fleet on mackerel in Division Vllc (east) caused by the collapse in the 
anchovy fishery_ Most of the catch from this area is taken hy Spain (>90% )_ 

2.2.3 Estimates of discards 

At present only one country - the Netherlands - is providing information on discards but this information is not applied 
to any other tleets. 

Information on discarding by the Dutch fleet is obtained from part ( 15-20%) of the pclagic fleet which is regarded to be 
representative for all areas and months where the pelagic fleet is operati'ng (see also Section 1.7 on fleet description). 
Estimates on discards are not made by independent observers of the fishery activities, hut the crcw collects information 
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during each trip per haul conceming date, position, trawl duration, catch composition by species. This estimation of the 
catch of each hau! is done at the time the catch is taken on board (before any discarding takes place). Jf a catch is lost by 
torn nets, it is also reported. The information on species composition of the catch is added later. Finally the information 
on discards is obtained by comparing catch and actual reported landings. This discard information by species is then 
applied only to the whole Dutch pelagic fleet by month and by ICES Division, but not to the international fleet. This 
report contains a number of tables in which catches and discards are reported on an annual basis, but not on a quarterly 
basis (however, the basic discard data are available by month and by ICES Division). 

General information on discards in the pelagic fleets is provided in Section 1.4.3. 

2.3 Stock Units 

The results of two new studies were made available to the W orking Group. O ne concerned the results of an EU funded 
tagging programme for juvenile and adult mackerel (WD Uriarte et al. !998). The other concerned the results of a 
genetic study into the different stock components in the NEA mackerel (WD Nesbø 1998). In summary, Uriarte et al. 
concluded that the western and southern components were not functionally separate as fish tagged in the southcrn area 
could be recaptured in the western area. Nesbø concluded that the southem stock was older, more genetically diverse 
and separate to the western stock. This conflict needs to be resolved. Confinnation of the genetic studies should be 
considered with further and more standardised sampling, probably associated to a triennial egg survey. The Nesbø study 
was based on examples from the centres of the areas, and so could not describe where the genetic groups stopped and 
the next started. The Uriarte et al. study showed that fish from the southem area could migrate to the Norwegian Sea and 
back. One possible synthesis is that the components, if they exist, might be genetically different butthat their behaviour 
is largely identicaL For the southern and western components to exist there must be same homing behaviour and by now 
it is known that they follow the same migration path, and are mostly caught in the same fisheries. Furthermore, if the two 
components exist, neither the genetic nor the tagging studies allow any definition of boundarics bctween these 
components. 

The Working Group agrecd that work on tagging and genetics should continue as the exact definition of the status of 
these stock components remains an important subject. 

2.3.1 Tagging information 

Between the early 70s and 1995 several lagging experiments on mackerel (Eaton 1980, Hamre 1980, Rankine and 
Walsh 1982, Bakken and Westgard 1986, Iversen and Skagen 1989, Uriarte and Lucio 1996, in press) have 
demonstrated that mackerel from a1l spawning areas (North Sea, western and southern areas) migrate to the North of 
Europe up to Divisions Ila and !Va where they mix for the second half of the year. Uriarte and Lucio (op.cit.) (SEFOS 
project, AIR92-CTI905) demonstrated thatthe adult mackerel visiting the southern area are adults coming from the 
western area which continue their spawning migration through Division VIlle befare going back to the North (see 
Section 13.3.3 for further information and figure 13.3.3.1). 

Recently, in 1997, a new international study project on the migration of both adult and young mackerel has been carricd 
out by Portugal (IPIMAR), Spain (lliO and AZTI), lreland (Ml) and Norway (!MR) (U ri arte at al. WD l 99~). This project 
entitled: "Spatia/ P att em of migration and recruitment of North east Atlantic mackerel" (EU Study projcct contract 96-
035) has the objectives of clarifying the migration pattern of adult mackerel from the southern and western areas and of 
determining the spatial pattern of juvenilc recruitment from two nursery areas: the Northwcst of Ire land and West of the 
lberian Peninsula. A total of 119,913 mackerel were tagged along the European Atlantic coasts: 83,514 adults at the 
spawning time in western and southern areas and 36,399 of juveniles at different times of the year (Figure 13.3.2.2). The 
prcliminary resu1ts ofthis study up to December 1997 concerning adults andjuveniles are presented in Figure 13.3.2.3 and 
13.3.2.4 respectively. 

The preliminary conclusions derived from these Project 96/035 resulto;; are: 

a) Adult mackerel from all the southern area (Division Vlllc) appear to jo in the general Migration of mackerel to the 
North of Europe during the second half of the year wilh the rest of the Northeast Atlantic population. This finding 
confrrms the conclusions of the previous tagging experiment performed in 1994 in the Southern area, at the east of 
Sub-division Vlllc east (Uriarte and Lucio, op.cit). 

b) Adult mackerel spawning in the western area moved at the end of summer and early autumn into the Norwegian Sea 
and northern part of the North Sea. This fmding is congruent with the observations made for years by the IMR of 
strong entry of western mackerel into these areas in late summer (Iversen and Skagen 1989). 
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c) In contras!, young mackerel (both from the west of the Iberian peninsula and from the north west of Ire land) seem to 
remain all close to the places where they wcrc tagged. 

From the tagging experiments performed on the spawners of the southcrn area in 1994 and 1997 several recoveries have 
been produced during spring time in the western spawning grounds. Most of the .recoveries come, however, from the 
Northem areas refiecting probably the larger fishing effort recorded in those areas compared to the southem anes. It seems 
that adults from the southem and western areas have always been caught together. 

Conccming the definitions of stocks, the tagging experiments suggest that there is mixing between southern and western 
components. No clear evidence of the homing behaviour can be obtaincd from the results obtained up to now. The 
conception of southem and western components is not inferred from the lagging data. 

2.3.2 Genetic studies 

One new piece of work on genetic differentiation of mackerel stocks was presented at this meeting (WD 1998 Nesbø). 
This WD was based on work on mitochondrial DNA, specifically, the cytochrome b gene and on the O-loop region. The 
preliminary conclusion was that four genetically different spawning populations can be defined; western, southern, 
North Sea and Mediterranean. It is suggested that this differentiation occurred after the last glaciation period, same 
10,000 years ago. One implication from !his is lhat as the North Sea stock is genetically different, the stock is likely to 
have to recover from collapsc without recruitment from the western stock. A second implication is that it should be 
possible to study the mackerel found in the North Sea, both juvcnile and adult to determine the current spatia! 
distribution and the split between genuine North Sea stock and transients from the western stock. Perhaps most 
important! y, the impact of fishing on adult mackercl in !Va could be more precisely targeted to reduce the impact on the 
North Sea stock. 

This work is very promising and should be encouraged. 

2.3.3 Allocation of catches to stock 

Sincc 1987 all catches taken in the North Sea and Division Ula have been assumed to belong to the Western stot:k. This 
assumption also applies to all the catches taken in the international waters. It has not been possible to calculate the total 
catch taken from the North Sea stock component scparately hut it has been assumed to be 10,000 t for a number of 
ycars. This is because of the very low stock size and because of the low catches taken from Divisions IVb,c. This figure 
was originally based on a comparison of the age compositions of the spawning stock calculated at the time of the North 
Sea egg surveys This assumption has been continued in 1997 but it should be pointed out that if the North Sea stock 
should increase, then the figure may need to be reviewed. An international egg survey carried out in the North Sea 
during June 1996 provided a very low index of stock size in the area. A further egg survcy in the North Sea is planned 
for 1999 and should gi ve additional information on the state of the stock. 

Prior to 1995 catches from Divisions VIlle and IXa were all considered to betong to the southern mackerel stock, 
although no assessment had heen carried out on the stock. In 1995 a combined assessrnent was carried out in which all 
catches from all areas were comhined, i.e. the catches from the southcrn stock were combined with those from the 
western stock. The same procedure was carried out by the 1997 W or king Gro up and again by the present Working 
Group -the new population unit again hcing called the North-east Atlantic mackerel unit. 

The TAC for the Southern area applies to Divisions VIlle and !Xa. Since 1990, 3,000 t of this TAC, which has bccn 
fixed at 30,000 t, has been permittcd lo be taken from Division Vlllb in Spanish waters. This area is included in the 
"Western" management area. These catches {3,000 t) have always been included hy the Working Group in the western 
componcnt and are thereforc included in the assessment for the Weste-rn area. 

2.4 Biologieal Data 

2.4.1 Catch in numbers at age 

The 1997 catches in numbers at age by quarter for NE Atlantic mackerel (Arcas Il, Ill, IV, V, VI, VII, VIII and IX) are 
shown in Tab le 2.4.1.1. The percentage catch by numbers at age is given in Tab le 2.4.1.2. 

The age structurc of the catches of NE Atlantic mackerel is predominanlly 1-6 year old fish. These age groups constilulc 
82% of the total catches. The 1993 year class (4 year old ftsh) dominated the catches throughout half of the arcas where 
mackerel was caught. Fish belonging to the 1996 year class were dominant in the catches in Q3 Division VIa. In other 
areas the catches wcrc dominated by young fish; in IVb, IV c and VIIh catchcs wcrc dominated by l year old fish; in 
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VI!d, and VIIe,f catches were dominated by 2 year olds; and VIIg catches were dominated by and 2 and 3 year old fish. 
Catches from Divisions IXa were again dominated by O and l group fish in 1997. This continues the trend of greater 
relative abundance of these age groups in the catch since 1995 (24%, 44% and 80% respectively). In VIlle east the 
catches were predominantly age group 4-5 fish, while in VIlle west 50% of the catch were age group 2 fish. 

Age distributions of catches were provided by Denmark, England, Ireland, Netherlands, Norway, Portugal, Russia, 
Scotland and Spain. There are still major gaps in the overall sampling for age from countries which take substantial 
catches, notably Faroes, France, Germany and Sweden (combined catch of 52,156 t). In addition there were no aged 
samples to cover the entire catch from Vlla, Vllg, VI!k and Va (total catch 528 t). As in 1997, catches for which there 
were no sampling data were converted in to numbers at age using data from the most appropriate fleets. This is obviously 
undesirable where the on ly aged samples available are from a different type of gear. The description of the allocation of 
age structures to unsampled catches is described in Molloy and Kelly (WD 1998). 

Sampling data are further discussed in Section 1.4.1. 

2.4.2 Length composition by Oeet and country 

Length distributions of some of the 1997 catches by somc of the fleets were provided by England, Ireland, Netherlands, 
Norway, Portugal, Scotland, Spain and Russia. The length distributions were available from most of the fishing fleets 
and account for about 90% of the official catches. These distributions are only intended to gi ve a very rough indication 
of the size of mackerel by the various fleets and do not reflcct the seasonal variations, which occur in many of the 
landings. More detailed information on a quarterly basis is available for some fleets on the Working Group files. The 
length distributions by country and flcet for 1997 are shown in Table 2.4.2.1. 

2.4.3 Mean lengths at age and mean weights at age 

Mean lengths 

The mean lengths at age per quarter for 1997 for the NE Atlantic are shown in Table 2.4.3.1. These data continue the 
long time series and may be useful in investigating changes in rclation to stock size. 

Mean weights 

The mean weights at age in the catch per quarter and ICES Division for NE Atlantic mackerel in 1997 are shown in 
Table 2.4.3.2. Mean weights at age in the stock at spawning time for NE Atlantic mackerel are based on a weighted 
mean of the stock weights for the Western, Southern and North Sea stock components, with the exception of age group 
l, which is based on a constant value used since 1988. The stock weights for NE Atlantic mackerel and the Western, 
Southern and North sea components are given in Table 2.4.3.3. 

2.4.4 Maturity ogive 

The rnaturity ogives for the North East Atlantic mackerel were obtained as averages weightcd by the relative proportion 
of the egg production spawning stock biomass within the respective areas. Thus, for combining the western, southern 
and North Sea stock data, weighting factors of 0.825, 0.125 and 0.025 rcspectively were applied. The maturity ogives 
for the thrcc different stocks and for the North East Atlantic mackerel are given in Table 2.4.4.1. 

Maturity at age is constant for each year of assessment. However, it is important for asscssrnent purposes that the 
maturity ogive represents the proportions of fish by age group that actually spawn, because the assessment is tuned to 
the SSB obtained from egg surveys. Therefore an estimation of the maturity o gi ve in 1998 will be obtained as part of the 
egg survcy of the western and southern area (lCES I997/H:4). In this context samples have been takcn over areas of 
prcdominantly juvenile distribution as well as on the spawning grounds (see also Section 3.2.1.3). Samples will be 
analysed by histological examination to provide a more accurate estimatc of the numbers of fish which will actually 
spawn in that year. Results will become available at next year's Working Groups meeting. 

2.4.5 Natura! mortality and the proportions ofF and M before spawning 

The value for natura! mortality used by the Working Group for all components of the NE Atlantic mackerel stock is 
0.15. This estimate agrees with the valuc obtained from Norwegian tagging studies carried out in the North Sea (Hamre 
1978). The proportion ofF and M bcfore spawning for NE Atlantic mackerel is laken as 0.4 whilc for the Western Stock 
value is 0.4. 
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2.5 Fisbery Independent Information 

2.5.1 Long-term tagging stndies to estimate mortality 

No new information was presented at the Working Group meeting this year. Given the small amount of fishery­
independent information the Working Group considers thatthese studies are valuable and should be continued. 

2.5.2 Egg snrveys 

The historie time series of stage l egg produetion and SSB estimates, for the western area from 1977 to 1995, was 
updated at the Working Group in 1997 (Table 2.2.1 in ICES (l998/Assess:6)). No further changes have been made to 
that data sel. 

At the planning meeting in Lisbon, for the 1998 mackcrel and horse mackcrcl egg surveys of the western and southern 
areas, the Working Group agreed that preliminary results of the 1998 egg surveys would not be available in time for 
either the current Assessment Working Group or for the October meeting of ACFM. Although same egg survey results 
might be available by the end of September, work on the analysis of the samples for fccundity. atresia and maturity at 
age would not be completed until carly in 1999. As a consequence only an incomplete sel of egg survey rcsults, from the 
western area only, is available from the 1998 egg survey (sec Section 1.5). These data have not been subjccted to a 
rigorous check and must therefore be regarded as not ha ving undergonc a complete analysis. 

The following information, on egg distribution was available for the western area only. 

In the first sampling period in the western area, pcriod 3, egg production was high along the shelf cdge from 53°N down 
to southem Biscay. The main concentrations of stage l eggs wcre found in the vicinity of the Grcat Sole and Little Sole 
Banks. The boundaries of the distribution were fair ly well defincd except at the northern edge, 53° 15'N, wherc stage l 
eggs occurred in five of the six samplcd rectangles. 

The peak of spawning occurred in the next period, period 4, and was concentrated very tightly along the shelf edge from 
the Butt of Lewis (58°N) to southern Biscay. Egg production throughout that area was evenly spread with no clearly 
identifiable major conccntration. The boundaries of the distribution wcrc well detlned south of the Porcupine Bank area. 
To the north of this area the western edgc was less well defincd although there wcre no very high counts along this edge. 

Spawning declined in period 5, although the samplcs taken from central Biscay southwards have not yet been analysed. 
Stage l eggs were found all the way south from the Bull of Lewis. They were concentrated along the shclf edge south of 
Ire land and to the west, off the shelf edge, west of Ire land and northwards. As in the previous period the boundaries of 
the distribution were less well defined to the north of the Porcupine Bank. Thcre were same high numbers of stage 1 
eggs well off the shclf edge along the western boundary of the sampled area and also at one station at the northcrn edge 
of the surve y area. 

Spawning had declined furthcr in the final sampling period, period 6, allhough again the samples takCn from cenlral 
Biscay southwards have not yet been analysed. Production was concentrated on the shelf south of Ireland and into the 
Celtic Sea whilst from north-west of Ire land and northwards the production was to the west of the shelf cdge. The 
boundaries of the distribution were fairly well dctlned south of 55°N but to the north along the western and nurthern 
edges of the samplcJ- area high egg counts wcre found. Stag c l eggs were al su found in five of the six sampled 
rectangles at 59°l5'N, to the north of the standard sampling area. 

The preliminary estirnatc of total stage l egg production in the western area, from the samples analysed to date, is 
approximately 15% lower than the production measurcd in 1995. Because some of the samples have not yet becn 
anal y sed, this is like ly to be an under-estimate of total production. 

No data on mackerel egg production in the southern area were available at the Working Group. 

2.5.3 Winter acoustic surveys for mackerel 

The surveys 

In recent years a series Of cchosounder and sonar surveys have bccn carr'ied out to study the mackerel during this periOd. 
Two of thcse were carried out by !MR Bergen and two by MLA. A working paper on one of the !MR surveys was 
presented to the Working Group in 1997 (Misund WD 1997) and on one of the MLA surveys in 1998 (Reid WD 1998). 
All four survcys were successful in locating and surveying the stock conccntration, although in all cases it was 
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concluded that the surveys had probably not covered the whole stock. It should be emphasised that these surveys were 
designed for research purposes and not for abundance estimation. A partial stock estimate of 1.6 million tennes was 
calculated for the MLA survey in 1995, and preliminary analyses suggest a similar biomass for the IMR 1996 survey. 

Problems 

There are a few problems to be expected in conducting acoustic surveys on this stock at this time. Most importantly, 
mackerel has no swim bladder, and so has a relatively low target strength (TS). The presence of other fish with swim 
bladders (e.g. herring) in an y numbers will complicate the analysis as !hese will tend to dominale the acoustic relum. 
Further the precise TS is poorly established, and so absolute abundance estimalion will be difficult. Anolher problem is 
the weather in this area at this time of year which is often severe. It would also be useful if the global distribution of 
mackerel beyond the specified area could be documented for this time of year. 

Advantages 

Assuming that the problems described above can be overcome, there are a number of major advantages to this type of 
survey. These surveys can be carried out in a relatively short time (the MLA surveys lasted two weeks) and at a time of 
year when research vessels are under less intense pressure. They can thus be carried out on an annual basis. Acoustic 
surveys include trawling. As a result the stock estimate would also be available in age disaggregated form. Acoustic 
surveys would be best carried out in the years between the egg surveys. 

2.5.4 Trawl surveys for juvenile mackerel (mackerel recruit indices) 

Once again the traditional mackerel recruit index for mackerel has not been calculated. This is due to consistent doubto;; 
about the performance of the index which has shown an upward trend in recent years in relation to the recruitment 
calculated ftom the assessment (ICES l998/Assess:6). A new analysis approach has been devclopcd using Generalised 
Additive Modelling (GAM) dcscribcd in Section 2.8. which show considerable promisc. The recruit distributions are 
presented in Sec li on 2. 7 .2. 

As noted in last year's report (ICES l998/Assess:6) il conlinues lo be important that these surveys be conlinued. Poor 
coverage in 1997/98 has made it difftculllo follow trends and may also be detrimente\ to the ulility of the GAM based 
analysis. The results from these surveys are the only available source of data on juveni1e distributions, and this forms a 
significanl part of the advice requested from this Working Group to NEAFC (see Section 13). 

2.6 Effort and Catch per Unit Effort 

Commercial CPUE 

The catch-per-unit- effort is only providcd for the southern area. 

Table 2.6.1.1 and Figurc 2.6.1.1 show the fishing efforl dala from Spanish and Portuguese commerctal tleels. The tablc 
includcs Spanish effort of the hand-line tleels from Sanlona and Sanlander (Sub-division VIlle East) from 1989 to 1997 
and from 1990 to 1997 respectively, for which mackerel is the targel species from March lo May. Table 2.6.l.l and 
Figure 2.6.l.l also show the elT ort of the A vi les and La Corufia lrawl flccls (Sub-division VIIIc East and VIlle West) 
from 1983 to 1997 and the Vigo purse-seine fleet (Sub·division !Xa North) from 1983 to 1992 for which mackerel is a 
by-catch. The Spanish trawl fleet effort corresponds to the total annua! effort of the fleet for which demersal species is 
the main target. Portuguese mackerel effort from the trawl tleet (Sub-division IXa Central-North, Central-South and 
South) during 1988-1997 is also included and as in Spain mackerel is a by-calch. 

Table 2.6.!.2 and Figure 2.6.!.2 show CPUE corresponding to the fleels referred to in Table 3.3.3.!. The Spanish trawl 
fleets in 1997 showed an increase compared with the ones from 1996, as well as the hand-line flcels. The Portuguese 
trawl fleel CPUE decreased from l996to 1997. 

Catch-per-unit-effort, cx:pressed as the numbers fish at each age group, for the various fleets is shown in Tahle 2.6.1.3. 

2. 7 Distribulion of Mackerel 

2. 7 .l Distribution of commercial catches for mackereJ 

The distribution of the mackerel catches laken in 1997 is shown by quarter and rectangle in Figures 2.7.l.l-4. Thcsc 
data are based on catches rcpurted by Portugal, Spain, Nethcrlands, Germany, Denmark, Norway, Swcden, Russia, 
Faroes, UK and Ireland. In thcse data the Spanish and Portuguesc catches are not based on official data. 
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First Quarter 1997 

Catches during this quarter totalled about 187,000 t. There was again evidence of misrcporting between Divisions lYa 
and VIa, with large catches west of 4°W. Again the split between these two areas should be treated with caution. The 
general distribution of catches was similar to 1996 and 1995 suggesting that the pattern and timing of the pre-spawning 
migration remains conslant. Slighlly more catches were apparenlly taken in the English channel area in 1997 than 1996. 
The catch distribution is shown in Figure 2.7.1.1. 

Second Quarter 1997 

Catches during this quarter totalled about 61,700 t, up on 1996. The general distribution of catches was similar to 1996. 
The main catches being taken east of Faroe, SW of lreland and around the Iberian peninsula. The catch distribution is 
shown in Figure 2.7.1.2. 

Third Quarter 1997 

Catches during this quarter totalled about 162,300 t. The general distribution of calches was similar to 1996 and 1995. 
The main catch arcas werc in the area west of Norway and in Faroese and international waters in the Norwegian Sea. 
The catch distribution is shown in Figure 2.7.1.3. 

Fourth Quarter 1997 

Catches during lhis quarlcr totalled about 111,100 t. The general distribution of catches was similar lo 1996. The main 
catches were taken in the area west of Norway across to Shetland. Smaller catches were taken west of Scotland and 
Ireland and in the Enghsh Channel. Thcrc werc some indications of more catches in the Cantabrian Sea. The catch 
distribution is shown in Figure 2.7.1.4. 

2.7.2 Distribution ofjuvenile mackerel 

Surveys in winter 1997/98 

Fourth Quarter 1997 

No data were available at this time for the North Sea or the Western Approachcs for quarter 4 1997. In those areas 
covcrcd, rclalivcly low abundances were recorded for both O and l year old fish (Figures 2.7.2.1 and 2). West of 
Scotland and Ireland catch rates for age O were greatly reduced from 1996. The only area to maintain similar 
abundances to 1997 was off the north Portuguese coast. 

First Quarter 1998 

As in the prcvious quarter catch rates were much lower than in 1997. Good catches of l year old fish were Laken in the 
central North Sea, which was not sccn in 1997. However, there was no evidence of the large numbers of the 1996 year 
el ass seen in the northern North Sea in this quarter in 1997. Thcre were als o good ca te hes of l and 2 year old fish in the 
Cornwall area (Figures 2.7.2.3 and 4). 

Trends in survey results 

Reduced survey effort makcs it difficult to assess whether the trends in recruit survey data reported prcviously (ICES 
1998/Assess:6) have been maintained. In quartcr 4 there continues to be a "hot spot" near the Spanish-Portugucsc border 
and catch rates west of Ireland and the Hebrides remain low. In quarter l there continue to be reasonable catches of age 
l t!sh in the North Sea, although not on the scale of 1997. Based on recent trends (ICES 1998/Assess:6), the low catch 
rates off Ireland and the Hebrides compared to the reasonable catches off Cornwall would suggest that 1997 will not 
prove to be a good recruitment year. 

2. 7.3 Distribution of spawning fish 

There were strong indications from the 1998 mackerel egg surveys that the recent trend of a northwards extension of the 
spawning area wa'i continuing. High densities of recently spawned eggs were found on the northernmost edge of the 
survey area, at 58°l5'N, in June and spawning in that area continued into July_ 
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The distribution of spawning at the start of the season, in March, continues to follow the historical pattern of a strong 
association with the shelf edge, with the highest concentrations in the vicinity of the Little Sole and Great Sole Banks. 

By the end of April and in early May this pattern was still evident from southern Biscay to south-west of Ireland. To the 
north of this area there was extensive spawning over the Porcupine Bank and extending west off the shelf edge to the 
west of Scotland. 

During June most of the spawning was from south-west of Ireland northwards with the majOr concentrations again over 
the Porcupine Bank and off the shelf edge west of Scotland, up to 58°!5'N. 

At the end of the spawning period, in July, the northwards extension of the spawning area was still evident, with same 
spawning activity as far north as 59°!5'N. To the south of Ireland the spawning followed the typical pattern, spreading 
east from the shelf edge over the Celtic Sea. By July spawning was over in the wholc of Biscay and along the Cantabrian 
coast. 

The only data available at the Working Group on mackerel spawning in the southern area in 1998 were from surveys off 
the Cantabrian and Galician coasts in March and late April. Spawning in both periods was typically strongly associated 
with the narrow shelf with very little spawning beyond the 500 m depth contour. 

2-7.4 Winter distributions from acoustic surveys 

Recent acoustic surveys in the north-eastern part of the North Sea by Scotland and Norway in 1996 and 1997 have 
confirmed that the bulk of the western mackerel sta y in this area from October to at least the end of December. Scottish 
and Netherlands surveys in January 1994 and 1995 indicate that the migration to the spawning areas then commenced in 
January. Recent reports from commercial vessels confirm that this pattern appears to have continued into 1998. 

2.8 Recruitment Forecasting 

In previous Working Groups doubt has been expressed about the value of the combined mackerel rccruit index deri ved 
from the series of bottom trawl surveys in quarters l and 4 of each year (!CES 1996/Assess:7; ICES 1995/Assess:2). 
Evidence was presented (ICES !997/Assess:3) that this might be explained by the more northerly distribution of the 
juvcnilc tish in recent years and it was recommended that furthcr modelling studies be carried out to explore this 
possibility. 

At the Working Group a comparison was made between the recruitment indices derived from the available survcy series 
and the ICA estimates of recent recruitment at age O. Last year it was suggested that the tit betwccn the assessment series 
and the Scottish west coast quarter l survey bad broken down in 1997 (Figurc 2.8.l.b); the survey index gi ving a very 
low estimatc for the 1996 year class. Thejuvenile distribution maps (ICES l998/Asscss:6) showed a dramatic increase 
in age l fish in the northern North Sea and based on the assumption that these fish might belong to the Western "stock" 
rathcr than the North Sea "stock" they were then includcd in the west coast index, resulting in an improved fit to the 
VPA estimates from rhe catch at age data. Subscqucnt survcys from the Western area (Figure 2.8.l.c,d,e) have also 
indicated that the strength of the 1996 year el ass is below the average of recent years, but strenger than the wcak year 
classes of 1972, 1977, 1982 and 1983. The indices are consistent at age O and age l. The A Coruiia CPUE index for age 
l (Figurc 2.8.l.t), which was used as an qualitative indcx in last year's assessment, also indicates a 1996 dass 
equivalcnt to the mean of recent years. These indiccs are in contradiction to those recorded in the Southern area by the 
Portugal and Spanish October surveys, (Figure 2.8.1.g and h, Tab le 3.3.2.2.1 ). Both indicate that thcre has bccn an 
increased catch of the 1996 year el ass, although historically the y have not fo!lowed the !CA time series. 

The survey indices show that the strength of the 1997 year class is dose to the average of recent years. 

The results of analyses carried out at this years meeting have established that there is a latitudinal drift in the centre of 
gravity of the catches of juvenile mackerel which is correlated with changes in water tcmperature. Higher temperatures 
being associated with a northward movement of the distribution of catches of the combined and individual survey 
components. The calculations assume that the geographic bounds of the areas covered by the surveys are relatively 
constant throughout the time series. 

In order to establish whether this response could he used in a model for predicting year class abundance from trawl 
survey data, a two stage Generaliscd Additive Model (GAM, Hastie, T. and Tibshirani, R. 1990.) was fitted to the catch 
data for age group O. The model incorporated a lowess smoothed latitude-longitude surface for the position at which the 
catchcs are taken, a lowess smoothed annual tempcraturc effcct and separate responses for each of the surveys. In Stage 
l the model is fitted to binomial data, indicating whether a catch was recorded at a station, using a log link function 

31 



(McCullagh, P. and Nelder, J. A. 1983). In Stage 2 the stations at which catches were laken were modellcd with a 
Gamma error structure again with a log link. 

The model results are presented graphically in Figures 2.8.2 and 2.8.3. In both figures the upper left graph presents the 
year class effect, the upper right the survey effect, the lowcr left the latitude longitude surface and the lower right the 
smoothed temperature cffect. The trawl survey labels ("count") are: l - the English March survey, 2 - the French 
September/October survey, 3- the Irelal)d October/November survey, 4- the Netherlands November/December survey, 
5 - the Scottish March survey, 6 - the Scottish November/December survey. The GAM estimated upper and lower 
twice-standard-error curves are plotted as hashed lines for the year class, Country and temperature cffects. 

The distance between the standard error lines indicates that the year class effects fitted by both models are poorly 
deterrnined for the 1984, 1985 and 1986 cohorts and should not be used in any index series. Excluding those years, the 
year class effects for the probability of recording a catch are relatively constant throughout the time series, apart from 
the final year, for which only the English and Scottish lst quarter surveys are currently available. These surveys have a 
higher probability of recording positive catches as is shown by the country effects (labelled 'count') in Figure 2.8.2.b. 
Encouraging1y, the GAM latitude longitude surfaces for the two models reflect the known distribution of the age O fish, 
which are distributed in the areas of the Celtic Sea, West of Ireland and West of Scotland. As was established in the 
preliminary studies the catches and the probability of making a catch ex hi bit a positive correlation with sea temperature. 

A combined survey index, calculated by multiplying together the cxponents of the year el ass effects from the two stages, 
is presented in Figurc 2.8.4 along with the separable populations cstimated by ICA at age O, for the same time period. 
The two series show fairly good agreement and gi ve similar patterns for the 1996 and 1997 year classes to !hose sccn in 
the individual survey results prescnted in Figure 2.8.1. The inCreasing trend notcd in recent years for the indices derived 
from averagc catches appears to have been removed by the use of a sea temperaturc cffect. 

Further developments of the model are planncd. These include the use of temperature data for cach individual survey 
and the addition of an indcx based on the age l catches. As noted in previous reports (ICES 1997/Asscss:3) there 
appears to be a tendency in recent years for high catch rates to be taken at the extreme north and south ends of the range 
in good recruit years. There may be two possible explanations for this. First, that following a good recruit year the 
juvenile fish tend to sprcad out over a wider area, the so called "basin effect". Or secondly, that the conditions which 
lead to a good recruitment also tend to res ult in a grcater transport of the young fish into the Hebrides area. Extensions 
of the GAM model would pro vide a method for exploring these scenarios. 

The conclusion from thesc studies is that trawl indices could perhaps be used for modelling the rccruitment to the 
mackcrel stock if the intluences of environmental conditions on this highly migratory species are taken into 
consideration. However, the range of years over which the survey indices can he calculated does not include the cxtreme 
variation observed in the 1970s and carly 1980s and the predictive power of the model is not tested atthese levcls. A 
requirement of the use of this form of model is the availahility of temp~rature data for the months prior·to, and at the 
time of the survcy. The collection of bottom trawl recruit data continues to he important in order to retain an 
appreciation of changes in juvenile distrihutiun and their poten ti al impact the predietions. 

2.9 State of the Stock 

2.9.1 Data exp1oration and preliminary modelling 

Trial runs with the ICA wcre made-to explore in particular the sensitivity to two kinds of model assumptions, the nurnber 
of years with separable constraint, and the relative wcighting of the SSB cstimates for the egg surveys, to the catches at 
age. The background for this is the problem that appears when the last catch-independent data point is far back in time. 
This provides lillle information as to the recent developmcnt of the stock, the estimate of which relies entirely on how 
catch estimates deri ved with the assumed fishing pattern fit the actual catches. This tit is quite sensitive to deviations 
from the assumed selection pattern. 

The ICA estimates of the stock nurnbers in the years of separable constraint, is weakly influenccd by information from 
previous years, when this is given as absolute rneasures of abundance. Rcducing the number of years with separable 
constraint thereforc also rcduces the numbcr of SSB data points that influence the calibration of the population matrix. 
Aceordingly. as the numhcr of years with separable constraint is reduced, the perception of the stock in recent years is 
increasingly dominated by the last data point. This is illustrated in Figure 2.9.1.1. In particular this is apparent when the 
number of years with separable constraint is reduced from 8 to 7, by which the influence of the 1992 SSB estimate is 
lost. 
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The final stock estimate is a cornpromise between the signal given by the survey data and tbat given by the catches. The 
influence of each of these components can be scaled by the relative weight given to the survey data. This is illustrated in 
Figure 2.9.1.2. One possible alternative would be to weight the data according to the inverse estimated variance of the 
residuals. However, this variance estimate wi11 reflect inconsistencies in the data more than how much faith one should 
put in the surveys cornpared to the combination of the catches and the separable assumption-

In !CA, there is an implicit weighting of each category of information, according to the nurnber of data points !hat 
contribute to the objective function. The inclusion of another year of catch data therefore implies a downweighting of 
the survey data, in particular if the number of years with separable constraint is small. Therefore, keeping all model 
choices similar from year to year does not imply !hat all model assurnptions are similar. As shown in Figure 2.9.1.2, the 
stock estimate for the recent years is very sensitive to the weighting of the survey data. 

Given these sensitivity problems, the Working Group decided not to present a new analytical assessment until the SSB 
estimate from the 1998 egg survey data is ready. To provide an intermediate guidance for management, a simple 
projection of the 1997 Working Group stock estimate was made (Section 2.9.2). 

Provisional !CA assessments were made with preliminary data for the 1998 egg survey for both the NEA mackerel and 
the Western mackerel. The results are presented in Tables 2.9.1.1-10 and 2.9.1.11-20 respectively. The diagnostic 
graphs are in Figures 2.9.1.3-6 and 2.9.1.7-10, respectively. These results indicate a reduction of SSB in recent years by 
about 10% compared to the assessmcnt made last year. This number is still preliminary, and based on incomplete data, 
so this assessment should on ly be taken as a part of the exploratory runs, and as an indication of what to expect if the 
final result is similar to the preliminary one. The SSB cstimates, together with the results of runs with similar model 
assumptions and the 1997 Working Group assessment are shown in Figures 2.9.1.11-12. 

In both these runs, the estimated SSB in 1998 is very close to the SSB indicated by the egg survcy. For prcvious years, 
the ICA cstimate is generally below the egg estimates. This illustrates some of the conflict between the indications by 
the catches at age and the egg survey data. The further away the egg survey is, the more will the catches dominate the 
assessment for the last years, and these will tend to indicate a lower stock. This signal is weak, however, perhaps due to 
the poor contrasts in the catch at age matrix, so when there is a survey in the last year, the stock estimate will to a large 
extent be adapted to that value. The text table below, which shows the effect of upweighting and downweighting the 
survey information with and without the last survey data point, on the SSB-estimme in 1997, again illustratcs this 
sensitivity problem. 

Survey weight = O.l 

1998 egg est. included 1235 

1998 egg est. excluded 621 

SSB estimate in 1997 in thousand tonnes. 

2.9.2 Stock assessment 

Survey weight = l 

2200 

2200 

Survey weight = l O 

2390 

2920 

No new assessment was carricd for reasons given in Section 2.9.1. The assessment on the North East Atlantic mackerel 
as carried out at last year' s W or king Gro up mecting was thcrcforc uscd for assessment purposes. In order to be a ble to 
carry out catch predictions (Section 2.10) the starting numbers at age in the population on the first of January 1998 were 
projeeted from the numbers at age on first of January 1997 by us ing the catch numbcrs at age of 1997. The separable 
fishery pattern for 1996 from last year's !CA was then tuned to such a leve! that the SOPs corresponded to the catch of 
1997 (570,000 t) as shown in the text table below. The calculated F(4-8) from these rescaled fishing mortalities is 
estimated at 0.22. 
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Age N pop. 111197 catch 1997 F calc. N 111/98 F = F-pattern of 1996 
o 3872 36.01 0.010 - 0.0063 
l 3312 144.39 0.048 3299.3 0.0306 
2 3701 186.48 0.056 2716.7 0.0854 
3 1696 238.43 0.163 3012.5 0.1454 
4 2069 378.88 0.218 1238.6 0.1908 
5 l 131 246.78 0.265 1429.3 0.2160 
6 652 135.06 0.250 744.5 0.2108 
7 383 84.38 0.268 435.9 0.2340 
8 436 66.5 0.178 251.4 0.2466 
9 222 39.45 0.21 l 313.6 0.2961 
10 223 26.73 0.138 154.5 0.2751 
11 86 13.95 0.191 167.1 0.2593 
12+ 161 24.97 0.182 228.2 0.2593 

. 

SSB=2530 kt catch 570 kt SSB = 2660 kt F( 4-8) = 0.2 l 96 

2.9.3 Reliability of the assessment and uncertainty information 

In addition to the modelling problems that have been described in Section 2.9.1, some other sources nf uncertainty 
should be pointed out. 

The assessment relies heavily on the catch data, and in particular the age structure of the catches. In this respect, it is 
problematic that a fairly large proportion of the total catch volume has to be distributcd by age based on a small number 
of samples from the ftsherics in question, as discussed in Section 1.4.1. Moreover, there is sparsc info,rmation about 
underreporting, slipping and discards. Since the· stock abundance estimate is calibrated using absolutc SSB-values for 
recent years, and with a VPA for previous years,. underestimation of the catches will tend to lead to overestimation of the 
stock in rccent years and underestimation in earlier years. In this respect, one should note that the estimate of the SSB is 
below the egg survey estimates in most prcvious years. The finding that it alrnost hits the egg cstimate for 1998 may be 
due to this. This res ult is highly sensitive to the relative weighting of the survey data, however. 

The more general problem is that of doing an assessment with very sparse suppiementary data. In a previous Working: 
Group (ICES 1997/Assess:3), simpler modcls using SSB cstimatcs from egg survcys and mortality estimates from 
tagging data were explored. Although such rnodels leave out much of the detailed information in the age-disaggregated 
data, they may be more rohust with respect to overall trends in the state of the stock. These trends are not very different 
from those of the ICJ\ assessment. Thus, despite the difficulties encountered in the present attempt to assess the stock, 
the Working Group considers it unlikely that the perception of the present state of the stock, and of the trend in recent 
years is likely to be grossly misleading. 

The provisional runs using the preliminary SSB estimate from the 1998 egg survey, gave an estimate of the SSB in 1998 
slightly bclow the projected value starting with the 1997 assessment (see Section 2.9,1). and very close to the actual 
surve y es ti mate of SSB. As pointed out in Section 2.9.1, this res ult is strongly dependent on the relative weighting of the 
surve y data, however. 

A more formal uncertainty cstimation will be attempted when a new egg survey estimate is finalised_ 

2.1 O Catch Predictions 

Table 2.10.1 prcscnts the input values for the catch forecasts. 

The starting numbers at age in the population on the first of January 1998 are a projection from the numbers at age on 
first of January 1997 hy using the catch numbers at age of 1997, because no new assessment was carried out at this 
meeting (sec Section 2.9). 

Recruitment of the 1998 year class = 3872 million, which corrcsponds to the gcomctric mcan (1972-1995) of the 
recruitmcnt to the Western mackerel, raised by the average ratio (1.09) of the estimated Western and Southern area 
rccruitments for the period 1984-1994 (the same as uscd for last ycar's prcdiction). Rccruitmcnt of the 1996 and 1997 
year classes are assumed to be average. 
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Catch forecasts have been calculated for the provision of area based TACs. Two "tleets" have been defmed, 
corresponding to the exploitation of the western area, including the North Sea and the unregulated catches taken in 
international waters, Division Ila (Northern), and the southern area (Southern). 

The exploitation pattern used in the prediction was the separable !CA Fs for the final year laken from last year's 
assessment for the reasons given in Section 2.9. These were subdivided into partial Fs for each fleet using the average 
ratio of the tleet catch at each age and the total catch at each age for the years 1995-1997. Weight at age in the catch 
was taken as an average of the values for the period 1995-1997 for each area. Weight at age in the stock was calculated 
from an average (1995-1997) of weights at age for the NEA mackerel stock. 

The total of agreed 1998 TACs over all by TAC regulated areas, increased by 80,000 t compared to 1997 (see Section 
2.1). The catch for 1998 is assumed to be 650,000 t corresponding to the 1997 catch of 570,000 t p lus this TAC increase 
of 80,000 t. 

Eight single option summary tables are presented and summarised in the texttables below. Tables 2.10.2.a--<l refer status 
quo fishing mortality in 1998 and Tables 2.10.3.a--<l to a constant catch option for 1998 of 650kt. Each of these two 
options for 1998 are then followed by: 

Fl999 = F2000 = 0.15 as agrecd between the EU and Norway for 1999; 
F1999 = F2000 = 0.175 corrcsponding lo FO.!; 
F1999 = F2000 = 0.20 corresponding to the mean Fin the 80's when SSB remained stable; 
F1999 = F2000 = 0.2325 corresponding to the mean fishing mortality for the period 1995-1997. 

UNITS · '000 t 
Status quo Status quo Status quo Status quo 

(F97=F98=0.22) (F97=F98=0.22) (F97=F98=0.22) (F97=F98=0.22) 
F=0.15 1999,2000 F=O.l75 1999,2000 F=0.20 1999,2000 F95-97=0.233 1999,2000 

Year RefF Catch SSB RefF Catch SSB RefF Catch SSB RefF Catch SSB 
1998 0.22 621 2660 0.22 621 2660 0.22 621 2660 0.22 621 2660 
1999 0.15 437 2734 0.175 504 2710 0.20 571 2687 0.233 654 2656 
2000 0.15 462 2866 0.175 523 2788 0.20 580 2712 0.233 048 2617 

UNITS '000 t 
Catch 1998 = 650 kt Catch 1998 = 650 kt Catch 1998 = 650 kr Catch 1998 = 650 kt 
F=0.15 1999,2000 F=0.175 1999,2000 F=0.20 1999,2000 F95-97=0.233 1999,2000 

Year RefF Catch SSB RefF Catch SSB RefF Catch SSB RefF Catch SSB 
1998 0.23 650 2649 0.23 650 2649 0.23 650 2649 0.23 650 2649 
1999 0.15 433 2771 o 175 500 2687 0.20 565 2663 0.233 648 2633 
2000 0.15 458 2846 0.175 519 2768 0.20 575 2693 0.233 643 2599 

Status quo f was only taken as the fishing mortalily of 1997 and not as the a mean over the period 1995-1997, because 
the fishing murtality decreased considerably due to a strong decrease in the agrccd TACs during this period. However, 
the option of a catch of 650 kt in 1998 and a F95_97 of 0.2325 in the following two years is approximatcly equal to a 
status quo F of 0.23 over the whole pcriod of 1998 to 2000. 

The forecasts predict that SSB will increase except when fishing mortality remains as high as the mean fishing mortality 
over the period 1995-1997 (F = 0.233). 

Two management option rables are prcscnted. Table 2.10.4 presents the option for status quo F in 1998, Table 2.10.5 
presents a constant catch for cach !leet in 1998; each is followed by a range of F98 valucs for both areas. 

The forccasts for the two scenarios are in close agreement with the predicted SSB values, because no new assessment 
was carried out. 

2-11 Short-Term Risk Analysis 

ICES (l991/Assess:22) performed a scnsitivity analysis for status quo forecasts made using data from this stock. The 
rcsults revealed that the forecasts wcrc sensitive to the estimatcs of the strength of the year dass that recruited two years 
before the year of the assessment. The forecast made this year will be sensitive to the estimated fishing mortality in 
1999. 

35 



Due to the decision of the Working Group to project the present stock numbers from 1997 to 1998 using the catch in 
1997 (Section 2.9.1), last year's assessment was used as basis in the present short-term risk analysis. The sensitivity 
analysis need stock numbers, recruit estimates, F-values and other population parameters and their associated error 
estimates (CVs) to be run. Thus, the errors of the various population parameters of the 1997 ICA run were entcrcd into 
the sensitivity analysis together _with population numbers for 1998 from the prujcction of last years assessment (Section 
2.10). In the forecast the geometric mean of the time series (1972-1995) was used. To obtain an estimate of the CV for 
the recruitment the CV of the GM estimate was used. See Tab le 2.11.1 for a complete list of input data to the sensitivity 
analysis. 

The WGFRAN4 and SENPLOT software produces a plot of the various (input) population parameters in descending 
order of significance to the uncertainty of the short-term prediction. The estimation of the accuracy of the catches or the 
fishing mortality in 1999 (HF99- effort multiplier, see Table 2.11.1) is the single most important factor to the sensitivity 
of the short-term prcdiction (Figure 2.11.1). 

The short-term risk ogive plots that were produced from the sensitivity analysis were not reproduced in the report due to 
the following concerns: l) the present population input data to the sensitivity analysis were projected an cxtra year of 
reasons mentioned above, 2) the estimates of the stochastic crror terms representing the CV s of the population 
parameters were taken from last year's assessment, and 3) it was unclear to which extent the stochastic terms in this 
model covers the uncertainties in the present assessment (cf. Section 2.9. l). 

2.12 Medium-Term Predictions 

No new medium-term predictions were carried out because l) last year's asscssment was projected one year forward and 
2) the actual catch taken in 1997 (570 kt) was very similar to the assumed catch of 1997 (560 kt) as used for the 
predictions at last year' s W orking Group mccling. 

2.13 Long-Term Yield 

Table 2.13.1 and Figure 2.13.1 present the yield per recruit forecasts for the both arcas from 1997 Working Group 
report as no new assessmcnt was done this year by the W or king Group. 

Fmax is poorly ·ctcfincd at a combined reference F of ahout 0.5. However, for pelagic species Fmou is general\ y estimated 
to be at leve Is ofF well be y ond sustainable le veis and should not he uscd as a fishing mortality target. Fo.t was estimated 
last year us ing the same selection pattern, the full age range and a l 2 p lus group, lO be 0.175. 

2.14 Reference Points for Management Purposes 

The Working Group was asked to: 

consider rhe reference puints proposed by SGPAFM, adopting those reference points or presenting 
alternatives with reasons for the alternative seln·tion. 

In last year's Working Group Report (ICES l998/Assess:6) an extensive and detailed analysis on potential candidates 
for reference points for the precautionary approach were given. The reference points suggested by SGPAFM: werc 
largely based on this analysis and are in line with the suggestions from the Working Group. The present Working Group 
found no reason for alternative reference points and decided to adopt the reference points suggested by SGPAFM shown 
in the text table bclow. 

A new set of software for calculating reference points (PA Software Uscrs Guide, CEFAS, Lowestoft) were prescnted to 
the present Working. Group, which calculates the various precautionary reference points of spawning stock biomass and 
fishing mortality. The Working Group used the PA software to produce graphs and tables of the proposed reference 
points (Figures 2.14.1-6 and Tables 2.14.1-2). The values of the reference points calculated are similar to the values 
uscd prcviously by Working Group. In particular F10,. (0.26) corresponds closely to the value of F~;m = 0.25 used by the 
SGPAFM. 
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WGMHSA '97 proposal 
. 

Blow = MBAL = B1oss = 2.3 million t, being a low biomass to be avoided. 

B,im = undefined 

F1 = 0.122, being F when SSB is less than B~ow- Basis replacement line for l SD below geometric mean 
recruitment (see sec. 3.4.9 in ICES CM 1998/Assess:6). 

Fv• = Fo.1 = 0.175 

Used by ACFM '97 

2.3 million t implicitly accepted as MBAL 

F between 0.2 and 0.15 gives low probability of SSB < MBAL 

SGPAFM proposal and adopted by present Working Group 

B,. = MBAL = B100, = 2.3 million t. 

B1im = undefined 

F,.=F0_1 =0.175 

F,im = 0.25 to 0.3 

The MBAL value of 2.3 million t, which corresponds to B1oss• has previously been regarded as a limit, bclow which 
strong measures were taken to bring the stock above this value. This is suggcstcd as a Bra· A B1im cannot be defined in 
this case. A fishing mortality at F0 _1 = 0.175 has been suggested last year by the Working Group (ICES 1998/Assess:6) 
as a target, and can be taken as Fpa- The fishing mortality at which the risk of stock depletion starts to increase in lang­
term simulations is suggcstcd as a candidate Fum = 0.25-0.3 depending on the assuMptions in the uncertainties in the 
models. This is based on an S·R relationship where R declines linearly to the origin below B1ass· Consequcntly the 
Working Group proposes no change to the reference points previously proposed. 

2.15 Harvest Control Rules 

The subjects of reference points and management mcasurcs were treated extensively by the two last years' Working 
Groups (ICES CM !997/Assess:3, ICES CM 1998/Assess:6). Since there is little new background information this year, 
no new cvaluations of this kind have been made. 

The Working Group has over several years recommended to maintain SSB ahove 2.3 million tonnes. This value 
corresponds approximately to the historical minimum, and was adopted as an 11BAL value for the biomass. Within the 
range of historical SSBs, there is no clear dependence of the recruitment on the SSB. Below this value, there is no basis 
for assumptions ahout the stock-recruitment relationship. 

The previous studies concentrated on a harvesting regime based on a constanl fishing mortality, which should be set 
sufficiently low to imply a low risk of reducing the stock below the historical minimum. The recruitment of this stock 
has moderate year-to-year variations, and a fairly large numbcr of year classes are represented in the fishery. In this case, 
a fixed catch regime might be considered. This could gi ve a gain in terms of more stable and predictable catchcs, but 
would require a lower fixed catch than the average expected by an optimal fixed F regime. It may also involve a greater 
risk of deteriorating the stock if the monitoring and management system is unable to react rap id ly to unexpected changes 
in the state of the stock. A further alternative would be to set quotas for 2-3 years, which is more relevant with this stock 
than with many others since the catch-independent information only comes cvery third year. If such alternatives are to be 
considered, they should be properly explorcd by simulations, which has not been done up till now. 

2.16 Management Measures and Considerations 

The cxploitation history of this stock in relation to the proposed precautionary reference points is shown in Figure 
2.16.1. For the time being, the suggestion by the Working Group would be a fixed F regime with an F-value close to 
Fo.1 = 0.175 as also suggestcd by the Working Group in 1997 (ICES CM 1998/Assess:6), and shown in Figures 2.14.1-
6. For 1998, ACFM recommended a fishing mortality in the range 0.15-D.20, while the actual F in 1997 was 0.22. The 
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Working Group once again has to emphasise that the fishing mortalities derived from studies of predictions and 
simulation apply to the total exploitation of the stock, including areas whcre no quota regulations apply. At present, the 
stock is assumed to be slightly above 2.3 million tonncs. If the fishing mortality can be kept at the suggcstcd levcl, the 
stock is expected to increase to a satisfaclory leve! without further measures. A tishing morlality at the 1996-1997 leve! 
will, according to the medium-term predictions done by the 1997 Working Group, maintain the SSB at present levels. 

Some discrepancies :exist between areas used for catches and TAC areas,- e.g. in the Southem area and in international 
waters. As for the other stocks, the Working Group recommends that the areas used for catch forecasting and T AC 
should be brought into correspondence. 
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Table 2.2.1.1 Catches in tennes of Seomber japonieus in Divisions VIITb, VIlle and IXa in the period 1982-1997. 

Country Sub-Divisions 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994, 1995 1996 

Division VIIIb 487 7 4 427 247 778 

VIIIe East 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903.2 2558 2633 

VIlle west 47 

Spa in Total 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903.2 2558 2679 

IXa North 2557 7560 4705 5066 

IXa South 895 800 1013 364 370 

Total 895 3357 8573 5068 5437 

Total Spa in 322 254 656 513 750 1150 1214 3091 1923 1989 1761 5253 10903 7872 8894 

IXa Central-Nort - o 236 229 223 168 165 281 228 137 914 543 378 913 785 

Po~tugal IXa Central-Sout - 244 3 924 4777 3784 5299 838 2105 5792 6925 5264 5019 2474 1544 2224 

IXa South - 129 3fl99 4113 4177 3409 2813 4061 2547 3080 2803 1779 1578 1427 1749 

Total Portugal 664 373 8059 9118 8184 8876 3 816 6447 8568 10142 8981 7341 4430 3884 4759 

Division VIIIb 487 7 4 427 247 778 

VIlle East. 322 251 65 6 513 '1':!0 1150 1214 3091 1923 1502 859 1892 1903 2558 2633 

VIlle west 47 

Division VIIIc 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903 2558 2679 

TOTAL 

!Xa North 2557 7560 4705 5066 

rxa Central-North 236 229 223 168 165 281 228 137 914 543 378 913 785 

IXa Central-So~th 244 3924 4777 3784 5299 838 2105 5792 6925 52 64 5019 2474 1544 2224 

IXa South 664 129 3899 4113 4177 3409 2813 4061 2547 3080 3698 2579 2591 1790 2120 

Division IXa 664 373 8059 9118 8184 8876 3816 6447 8568 10142 9876 10698 13003 8952 10195 

Total 9R6 G27 8715 9631 8934 1002 6 5030 9538 10491 12131 10742 12594 15333 11756 13653 
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1997 

362 

4416 

610 

5026 

1727 

613 

2340 

7729 

521 

2109 

2778 

5408 

362 

4416 

610 

5026 

1727 

521 

2109 

3391 

7748 
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.". Table 2.2.2.1 Catches of MACKEREL by area. Discards not estimated prior to 1978. (Data submitted by Working Group members.) 
o 

Year Sub-arca VI Sub-area VII and Divisions Sub-area IV and Division Illa Divs. Divs. Total 
VIIIa,b,d,e Ila,Vb1 VIlle, !Xa 

Landings Discards l Calch Landings Discards l Calch Landings Discards l Catch Landings Landings Landings Discards l Catch 
1969 4,800 l 4,800 66,300 l 66,300 739,182 l 739,182 810,282 l 810,282 
1970 3,900 l 3.900 l 00,300 l 100,300 322,451 l 322,451 163 426,814 l 426,814 
1971 10,200 l 10,200 122,600 l 122,600 243,673 l 243,673 358 376,831 l 376,831 
1972 10,000 l 10,000 157,800 l 157,800 188,599 l 188,599 88 356,487 l 356,487 
1973 52,200 l 52,200 167,300 l 167,300 326,519 l 326,519 21,600 567,619 l 567,619 
1974 64,100 l 64,100 234,100 l 234, IQ( ) 298,391 l 298,391 6,800 603,391 l 603,391 
1975 64,800 l 64,800 416,500 l 416,500 263,062 l 263,062 34,700 779,062 l 779,062 
1976 67,800 l 67,800 439,400 l 439,400 303,842 l 303,842 10,500 821,542 l 821,542 
1977 74,800 l 74,800 259,100 l 259,100 258,131 l 258,131 1,400 27,417 620,848 l 620,848 
1978 151,700 15,1001 166,900 355,500 35,5001 391,000 148,817 148,817 4,200 26,508 686,725 50,7001 737,425 
1979 203,300 20,3001 223,600 398,000 39,8001 437,800 152,323 500: 152,823 7,000 22,475 783,098 60,6001 843,698 
1980 218,700 6,0001 224,700 386,100 15,6001 401,700 87,391 l 87,391 8,300 15,964 716,455 21,6001 738,055 
1981 335,100 2,5001 337,600 274,300 39,8001 314,100 64,172 3,2161 67,388 18,700 18,053 710,325 45,5161 755,841 
1982 340,400 4, l 00 344,500 257,800 20,8001 278,600 35,033 4501 35,483 37,600 21,076 691,909 25,3501 717,259 
1983 315,100 22,300: 337,400 245,400 9,000 254,400 40,889 96 40,985 49,000 14,853 665,242 31,3961 696,638 
1984 306,100 l ,6001 307,700 176,100 l 0,500: 186,600 39,374 202: 39,576 93,900 20,308 635,782 12,3021 648,084 
1985 388,140 2,7351 390,875 75,043 l ,8001 76,843 46,790 3,6561 50,446 78,000 18, Ill 606,084 8,1911 614,275 
1986 104,100 l 104,100 128,499 l 128,499 236,309 7,431 243,740 101,000 24,789 594,697 7,4311 602,128 
1987 183,700 183,700 100,300 l 100,300 290,829 10,7H9: 301,618 47,000 22,187 644,016 10,7891 654,805 
1988 115,600 3,1001 118,700 75,600 2,7001 78,300 308,550 29,7661 338,316 116,200 24,772 640,722 35,5661 676,288 
1989 121,300 2,600: 123,900 72,900 2,30()1 75,200 279,410 2,1901 281,600 86,900 18,321 578,831 7,0901 585,921 
1990 114,800 5,8001 120,600 56,300 5,5001 61,800 300,800 4,3001 305, l()() 116,800 21,311 610,011 15,6001 625,611 
1991 109,500 10,7001 120,200 50,500 12,SOOI 63,300 358,700 7,2001 365,900 97,800 20,683 637,183 30,7001 667,883 
1992 141,906 9,6201 151,526 72,153 12,4001 84,553 364,184 2,9801 367' 164 139,062 18,046 735,351 25,0001 760,351 
1993 133,497 2,6701 136,167 99,828 12,7901 112,618 387,838 2,720I 390,55S 165,973 19,720 806,856 18,1801 825,036 
1994 134,338 1,3901 135,728 113,088 2,8301 115,918 474,830 1,1501 475,980 . 69,9!Kl 25,043 817,198 5,3701 822,568 
1995 145,626 74 145,700 117,883 6,9171 124,800 322,670 7301 323,400 134,100 27,600 747,879 7,7211 755,600 
1996 129,895 255: 130,150 73,351 9,7731 83,124 211,451 1,3871 212,838 103,376 34,123 552,196 11,4151 563,611 
1997* 65,044 2,240 67,284 114,719 13,817 128,536 224,759 2,807j 227,566 105,449 40,708 550,679 18,864 569,543 

*Preliminary. 
1For 1976-1985 only Division Ila. 
'Discards estimated only for one 11eet in recent years. 

NB: Landings from 1969-1978 were takcn from the 1978 Working Group report (Tables 2.1, 2.2 and 2.5). 
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Table 2.2.2.2 Catches (t) of MACKEREL in the Norwegian Sea (Division Ila) and off the Faroes (Division Vb). 
(Data submitted by Working Group members.) 

Country 1984 1985 1986 1987 1988 1989 
Denmark 11.787 7,610 1,653 3,133 4,265 6,433 
Faroe Islands 137 22 1,247 
France 16 Il 
Germany, Fed. Rep. 99 380 
German Dem. Rep. 16 292 2,409 
Norway 82,005 61,065 85,400 25,000 86,400 68,300 
Po1and 
United Kingdom 2,131 157 1,413 
USSR 4,293 9,405 11,813 18,604 27,924 12,088 
Discards 
Total 98,222 78,096 101,112 47,186 120,404 90,488 

Country 1990 1991 1992 1993 1994 1995 1996 1997 
Denmark 6,800 1,098 251 4,746 3,198 37 
Estonia 216 3,302 1,925 3,741 4,422 
Faroe Islands 3,100 5,793 3,347 1,167 6,258 9,032 2,965 7,623 
France 23 6 6 5 5 o 270 
Germany l 
Iceland 92 925 
Latvia 100 4,700 1,508 389 233 
Netherlands 561 
Norway 77,200 76,760 91,900 110,500 140,708 93,315 47,992 41,000 
Russia 42,440 49,600 28,041 44,537 44,545 50,207 
United Kingdom 400 514 802 1,706 194 48 938 
USSR2 28,900 13,6312 

Poland 22 
Misreported ( IV a) -109,625 -18,647 
Discards 2,300 
Total 118,700 97,819 139,062 165,973 71,903 135,496 103,376 105,449 

1Preliminary. 
2Russia. 
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Table 2.2.2.3 Catch (l) of MACKEREL in the North Sea, Skagerrak, and Kattegat (Sub-area N and Division Illa). 
(Data submitted by Working Group members). 

Coun!e2: 1984 1985 1986 1987 1988 1989 1990 
Belgium 68 49 14 20 37 
Denmark 10,088 12,424 23,368 28,217 32,588 26,831 29,000 
Estonia 
Faroe Islands 1,356 2,685 5,900 
France 322 1,200 2,146 1,806 2,200 1,600 
Germany, Fed. Rep. 112 217 1,853 474 177 6,312 3,500 
Ire land 8,880 12,800 
Latvia 
N etherlands 340 726 1,949 2,761 2,564 7,343 13,700 
Norway 27,311 30,835 50,600 108,250 59,750 81,400 74,500 
Sweden 1,440 760 1,300 3,162 1,003 6,601 6,400 
United Kingdom 15 170 559 19857 1,002 38,660 30,800 
USSR (Russia from 1990) 
Romania 
Misrcported (Ila) 
Misreported (VIa) 148,000 117,000 180,000 92,000 126,000 
U nallocated 7,391 8,948 29,630 6,461 -3,400 
Discards 202 3,656 7,431 10,789 29,776 2,190 4,300 

Total 39,576 50,466 243,700 301,618 338,316 281,600 305.100 

Countr~ 1991 1992 1993 1994 1995 1996 1997 1 

Belgium 125 102 191 351 106 62 114 
Denmark 38,834 41,719 42,502 47,852 30,891 24,057 21,934 
Estonia 400 
Faroe Islands 5,338 11,408 11,027 17,883 13,886 1,367 
France 2,362 956 1,480 1,570 1,599 1,316 1,532 
Germany, Fed. Rep. 4,173 4,610 4,940 1,479 712 542 213 
Ire land 13,000 13,136 13,206 9,032 5,607 5,280 280 
Latvia 211 
Netherlands 4,591 6,547 7,770 3,637 1,275 1,996 951 
Norway 102,350 115,700 112,700 115,741 108,785 88,444 96,300 
Swcdcn 4.227 5,100 5,934 7,099 6,285 5,307 4,714 
United Kingdom 36,917 35,137 41,010 27,479 21,609 18,545 19,204 
Russia 3,525 
Romania 2,903 
Misreported (Ila) 109,625 18,647 
Misreported (Via) 130,000 127,000 146,697 134,765 106,987 51,7Sl 73,523 
Unallocated 16,758 13,566 983 236 1,102 
Discards 7,200 2,980 2,720 1,150 730 1,387 2,807 
Total 365,875 367,164 390,558 473.977 322,099 212,839 227,566 

1 Preliminary. 
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Table 2.2.2.4 Catch (t) ofMACKEREL in the Western area (Sub-areas VI and VII and Divisions Vllla,b,d,e). 
(Data submitted by Working Gro up members ). 

Coun~ 1984 1985 1986 1987 1988 1989 1990 
Denmark 200 400 300 100 1,000 
Faroe Islands 9,200 9,900 1,400 7,100 2,600 1,100 1,000 
France 12,500 7,400 11,200 11,100 8,900 12,700 17,400 
Germany 11,200 11,800 7,700 13,300 15,900 16,200 18,100 
Ire land 84,100 91,400 74,500 89,500 85,800 61,100 61,500 
N etherlands 99,000 37,000 58,900 31,700 26,100 24,000 24,500 
Norway 34,700 24,300 21,000 21,600 17,300 700 
Poland 
Spain 100 1,500 1,400 400 
United Kingdom 198,300 205,900 156,300 200,700 208,400 149,100 162,700 
USSR 200 
U nallocated 18000 75100 49299 26000 4700 18900 Il ,500 
Misreported (!Va) -148,000 -117,000 -180,000 -92,000 -126,000 
Discards 12,100 4,500 5,800 4,900 11,300 
Grand Total 479,600 467,700 232,599 284,100 197,000 199,100 182,400 

Countr~ 1991 1992 1993 1994 1995 1996 199i 
Denmark 1,573 194 2,239 1,443 1,271 
Estonia 361 
Faroe Islands 4,095 2,350 4,283 4,248 2,158 
France 10,364 9,109 8,296 9,998 10,178 14,347 19,114 
Germany 17,138 21,952 23,776 25,011 23,703 15,685 15,161 
Ireland 64,827 76,313 81,773 79,996 72,927 49,033 52,849 
Netherlands 29,156 32,365 44,600 40,698 34,514 34,203 22,749 
Norway 600 2,552 
Spain 4,020 2,764 3,162 4,126 4,509 2,271 7,842 
United Kin~dom 162.588 196,890 215,265 208,656 190,344 127,612 128,836 
Unallocated -3,802 1,472 o 4,632 28,245 10,603 4,577 
Misreported (!Va) -130,000 -127.000 -146,697 -134,765 -106,987 -51,781 -73,523 
Discards 23,550 22,020 15,660 4,220 6,991 10,028 16.057 
Grand Total 183,509 236.079 248,785 251,646 270,476 213,272 195,820 

1 Preliminary 
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t Table 2.2.2.5 Landings (tonnes) ofmackerel in Divisions VIIIc and !Xa, 1977-1997. Data submitted by Working Group members. 

Country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 

Spain 1 19,852 18,543 15,013 11,316 12,834 15,621 . 10,390 13,852 Il ,810 16,533 

Porluga12 1,743 1,555 1,071 1,929 3,108 3,018 2,239 2,250 4,178 6,419 

Spain2 2,935 6,221 6,280 2,719 2, Ill 2,437 2,224 4,206 2,123 1,837 

Poland2 8 

USSR2 2,879 189 l Il 

Tota12 7,565 7,965 7,462 4,648 5,219 5,455 4,463 6,456 6,301 8,256 

TOTAL 27,417 26,508 22,475 15,964 18,053 21,076 14,853 20,308 18, Ill 24,789 

1Division VIlle. 

2Division IXa. 

Country 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

Spain 1 15,982 16,844 13,446 16,086 16,940 12,043 16,675 21,146 23,631 28,386 35,015 

Portugal' 5,714 4,388 3,112 3,819 2,789 3,576 2,015 2,158 2,893 3,023 2,080 

Spain2 491 3,540 1,763 1,406 1,051 2,427 1,027 1,741 1,025 2,714 3,613 

Poland2 

USSR' 
--
Total2 6,205 7,928 4.875 5,225 3,840 6,003 3,o42 3,899 3,918 6,737 5,693 

TOTAL 22,187 24,772 18,321 21,311 20,780 18,046 19,719 25,045 27,549 34,123 40,708 

1Division VIlle. 

2Division IXa. 
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Table 2.2.2.6 Catches of mackerel by Division and Sub-area in 1996. 
(Data submitted by Working Gro up members.) 

Quarter l 2 3 

Ila+ Vb 2,000 4,300 97,300 

Ill a 2,500 300 4,100 

!Va 76,000 4,100 60,800 

!Vb,c 800 100 1,700 

VI 47,700 4,800 1,300 

VIl 42,800 25,000 15,000 

VIIIa,b,d,e 7,000 6,400 400 

Sub-total 178,800 45,000 180,600 

VIlle 13,000 18,100 2,100 

IX a 1,600 1,200 1,900 

Grand total 193,400 41,800 184,600 

Catches rounded to nearest l 00. 

4 Total 

1,900 10,500 

1,200 8,100 

74,800 215,700 

800 3,400 

13,900 67,600 

31,800 114,600 

200 14,000 

124,600 528,900 

1,800 35,000 

1.000 5,700 

127,500 569,600 
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Table 2.4.1,1 catch numbers at at age (OOO's) for NE Atlantic mackerel 

A •• 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15+ 

SOP 
Catch 
SOP% 

Age• 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15+ ... 

SOP 
Catch 
SOP% 

lia 
o 
o 

22 
91 

212 
166 
61 
40 
23 
10 
7 
3 
2 
o 
o 
1 

287 
267 

100% 

lia 
o 
8 

66 
467 

1,408 
947 
375 
291 
354 
281 
48 
30 
o 
o 
o 
o 

1,846 
1,846 
100% 

Ill a 
o 
o 

299 
649 

2,445 
1,248 
699 
250 
349 
150 
o 

100 
o 
o 
50 
o 

2,526 
2,533 
100% 

l lia 
o 
1 

11 
58 
149 
121 
B8 
51 
46 
19 
21 
5 

20 
2 
1 
1 

291 
291 

100% 

IV a 
o 

26 
4,188 
16,734 
54,899 
37,349 
25,429 
14,443 
13,656 
8,886 
6,602 
4,079 
2,396 
1,418 
590 

1.161 

75,939 
75,958 
100% 

IV o 
o 
10 

594 
1,676 
3,133 
1,786 
606 
528 
567 
395 
93 
51 
30 
2 
1 
2 

4,091 
4,091 
100% 

IVb 
o 

2,630 
879 
308 
161 
64 
16 
o 
32 
o 
o 
o 
o 
o 
o 
o 

823 
826 

100% 

IVb 
o 

453 
151 
53 

"' 11 
3 
o 
6 
o 
o 
o 
o 
o 
o 
o 

142 
142 

100% 

IV o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 

IV o 
o 
3 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

101% 

Va 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 

V o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 

Vb 

o 
5 

74 
427 

1,098 
769 
410 
266 
264 
176 
76 
27 
50 
5 
2 
5 

1,670 
1,670 

100% 

Vb 
o 
9 

119 
745 

1,916 
1,224 

498 
368 
450 
345 

60 
38 
2 
o 
o 
o 

2,488 
2,489 
100% 

VIa 
o 

1,076 
1,425 

6,090 
32,456 
34,169 
12,665 
8,323 
7,585 
3,518 
3,123 
1,787 
918 

1,081 
1,106 
707 

47,285 
47,291 
100% 

VIa 
o 

123 
o 

918 
1.969 
2,704 
2,119 
1,931 
1,291 
726 
524 
194 
342 
161 
62 
24 

4,850 
4,832 
100% 

VI! a 
o 
o 
2 
3 
2 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

2 
2 

100% 

VIl a 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 

VIl be 
o 
o 

1,951 
3,080 
5,739 
3,457 
3,569 
3,153 
1,381 
994 
737 
442 
55 
93 
126 
6 

9,692 
9,712 
100% 

VIl be 
o 

28 
321 

3,166 
7,247 
3,882 
3,292 
3,009 
807 
693 
359 
366 
112 
264 
66 
174 

7,946 
7,946 
100% 

auarter 1 -

Vlld 
o 
l 

120 
183 
131 
21 
12 
10 
1 
1 
o 
o 
2 
o 
o 
1 

99 
99 

100% 

Vllef 
o 

43 
4,508 
6,873 
4,925 
7B4 
456 
379 
25 
25 
o 
o 

57 
o 
o 
27 

3,730 
3,727 
100% 

----- -Quarter 2 
Vlld 
o 

113 
16 
14 
2 
o 
o 
o 
o 
2 
o 
o 
o 
o 
o 
o 

26 
27 

100% 

VIl el 

o 
2 

219 
335 
240 
38 
22 
18 
1 
1 
o 
o 
3 
o 
o 
1 

162 
181 

100'Yo 

Vllg 
o 
o 
o 
4 
16 
6 
6 
4 
1 
1 
o 
o 
o 
o 
o 
o 

13 
13 

100% 

Vllg 
o 
o 
o 
3 
7 
6 
1 
1 
1 
1 
o 
o 
o 
o 
o 
o 

6 
6 

100% 
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Vllh 
o 

337 
4,545 
3,276 
2,833 
716 
307 
312 
34 
86 
o 
o 

28 
o 
o 

33 

2,751 
2,751 
100% 

Vllh 
o 

522 
1,268 

o 
75 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

179 
179 

100% 

VIl 
o 
o 

410 
5,978 

28,166 
14,711 
9,686 
6,100 
3,566 
2,200 
555 
202 
o 
o 
o 
o 

26,105 
26,107 
100% 

VIl' 
o 
o 

322 
3,756 

13,231 
10,935 
4,768 
3,750 
4,057 
3,284 
900 
732 
766 
169 
443 
172 

16,695 
16,699 
100% 

Vllk 
o 
o 
11 
72 
385 
250 
113 
73 
67 
33 
6 
5 
o 
o 
o 
o 

393 
393 

100% 

Vllk 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 

VIlla 
o 
90 
158 
610 

1,699 
735 
250 
190 
154 
105 
46 
38 
25 
12 
1 
5 

1,381 
1,382 
100% 

VIlla 
o 

96 
171 

659 
1,835 
794 
270 
205 
167 
114 
50 
41 
27 
13 
2 
5 

1,492 
1,493 
100% 

Vlllb 
o 

364 
840 

2,464 
6,862 
2,971 
1,011 
766 
624 
425 
166 
154 
100 
47 
7 
21 

5,582 
5,582 
100% 

Vlllb 
o 

56 
63 

1,103 
3,646 
2,183 
1,276 
1,217 
1,068 
790 
323 
241 
185 
84 
14 
14 

4,682 
4,683 
100% 

VIlle east 
o 

462 
1,345 
2,179 
10,383 
6,537 
2,149 
2,381 
2,071 
1,767 
986 
563 
442 
132 

•• 
79 

11,742 
11,746 
1000(. 

VIlle east 
o 

56 
606 

2,187 
11,133 
8,328 
3,328 
3,768 
3,321 
2,765 
1,552 
931 
769 
195 
105 
152 

15,639 
15,644 
100% 

VIlle west 
o 

1,587 
1,797 
557 

1,338 
441 
81 
71 
48 
28 
10 
6 
2 
o 
o 
o 

1,208 
1,208 
100% 

VIlle west 
o 

1,217 
4,592 
697 

t,na 
899 
275 
273 
226 
176 
103 
67 
52 
12 
7 
17 

2,453 
2,456 
100,.. 

IXa 
o 

12,870 
1,605 

301 
372 
174 
59 
50 
38 
14 
10 
3 
5 
o 
o 
o 

1,624 
1,624 
100% 

IX. 
o 

2,253 
685 
347 
599 
354 
176 
195 
159 
103 
71 
29 
34 
5 
3 
2 

1,155 
1,159 
100% 

All areas 
o 

19,492 
23,981 
49,878 
154,121 
104,570 
56,976 
36,808 
29,940 
18,419 
12,346 
7,410 
4,082 
2,789 
1,951 
2,045 

192,859 
192,911 

100% 

All areas 
o 

4,951 
9,431 

16,164 
48,396 
34,214 
17,298 
15,606 
12,542 
9,695 
4,104 
2,725 
2,362 
928 
703 
565 

64,369 
64,364 
100% 
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Table 2.4.1.2 North East Atlantic Mackeret 1997 Quarter 1-4 percentage catch numbers at age 

... lia llla IV o IVb IV o Va Vb VIa 
o 0% 0% 0% 0% 0% 0% 0% 1% 
1 0% 0% 3% 60% 69% 5% 0% 5% 
2 5":0 4% 6% 20% 12% 10~:;, 2% 9% 
3 21% 11% 16% 9% 8% 25% 12%. 14% 
4 34% 30% 24'% 5% 6"t0 19~-;, 29% 23% 
5 20% 20% 18% 3% 1% 15% 21% 21% 
6 8% 13% 12% 1~'0 1% 11% 12% B% 
7 5% 7% 6% 0% 0% 6'70 7% 6% 
8 4~10 7% 5% 1% 0% 2% 8% 5% 
9 2% 3% 3% 0% 1% 1% 4% 2% 

10 1% 2% 3% 0% O~: o 2"• 2~·0 2% 
11 0% 1% 1% 0% o~·o 1% 1% 1% 
12 0% 2% 2% 0% 1% 2% 2% 1% 
13 0% 0% 0% 0% 0% 0% 0% 1% 
14 0% 0% 0% 0% 0% 0% 0% 1% 

15+ 0% 0% 0% 0% 1% 0% 0% 0% 

Quarter 1-4 
VIta Vllbc Ylld Vllef VIl Vllh vn· V lik VIlla Vlllb VIlle esst VIlle west IXo Total 
0% 0% 0% 0% o~;o 6% 0% 0% 0% 0% 9% 1% 44% 2% 
10% 4% 21% 23% 6% 45% 0% 0% 3% 1% 6% Hl% 36% 9% 
32% 12% 46% 42% 26%. 21% 1% 1% 4% 3% 4% 50'% 10% 11% 
31% 18~'o 19% 20% 29% 11o,-;, 9% 7% 14% 12% 5% 7% 3% 15% 
jgo,;, 24% 8% 10% 19% 9% 34% 38% 38% 36% 26% 13% 2% 23% 
3% 12% 2% 2% 9~o 3% 21% 25% 17% 18% 18% 5% 2% 15% 
2% 10% 1% 2% 5% 1% 12% 11% 7% 8% 6% 1% 1% 8% 
1% 9% 1"/o 0% 3% 1% 8% 7% 6% 7% 7% 1% 1% 5% 
0% 3% 1% 0% 1% 1% 6% 7% 5% 6% 6% 1% 0% 4% 
0% 3% 0% 0% 1% 1% 5% 3% 3% 4% 5% 1% 0% 2% 
0% 2% 0% 0% 0% 0% 1% 1% 1% 2% 3% 0% 0% 2% 
0% lo/O 0% 0% 0% O'Yo 1% 1% 1% 1% 2% 0% 0% 1% 
0% 0% 0% 0% 0":<. 0% 1%. 0% 1% 1% 1% O% 0% t% 
0% 1% 0% O% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% O% 0% 0% 0% 
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

o\acfmlwgreps\wgmhsa\reporlsl 1999\l-2411.xls 



... 
'<) 

Table 2.4.2.1 MACKEREL length distributions in 1997 catches by country and by various fleets. 

Lenglh Porlu al Spa in 
(cm) arlisanal trawl artisanal purse seine 

17 
18 
19 0% 0% 

--- ----- ----------
_ _, _______ 

20 0% 0% 1% ----------------- ----~ 
21 0% 0% 0% 6% 

--------------- -- --

22 0% 3% 0% 16% .. 
-----------

23 1% 3% 0% 10% 
-------- ------- ------

24 1% 2% 0% 2% 
25 2% 1% 0% 1% 
26 1% 2% 0% 1% 

---- ----------- ------
27 3% 8% 0% 3% 

-------

28 6% 17% 1% 7% 
- -- -- -- --------

29 12% 19% 1% 5% 
30 11% 14% 1% 2% .. --------- ----------
31 12% 8% 2% 1% ··---- ---- - ----- -----
32 11% 4% 2% 2% 
33 10% 3% 4% 3% 
34 8% 2% 6% 6% .. 
35 6% 3% 12% 7% ------------------ ~----~-

36 5% 3% 15% 7% --------------·-~- -----
37 4% 3% 13% 5% 

------ ------ -------
38 2% 2% 11% 3% 

--~- ---- --------

39 2% 1% 10% 3% --- --- ------ ·----·--
40 1% 1% 8% 3% . ··---- --------

41 1% 0% 6% 3% 
42 0% 0% 5% 1% 

- ------ ·----~---
43 0% 0% 2% 0% -------f--(p" 44 0% 1% 0% 
45 0% 

- ' 0% 0% 0% ----- ---------

46 
-------

47 
------ -----

48 
--------- --- --- _. ________ 

49 
------· --- ... ---- -----

50 

'Length distributions may not reflect seasonal va nations 
'0% reflects a va lue greater thon zero bul less !han 0.5% 

trawl 

0% 
0% 
3% 
6% 
4% 
3% 
2% 
4% 
13% 
14% 
6% 
4% 
3% 
4% 
6% 
7% 
6% 
3% 
2% 
4% 
2% 
2% 
1% 
1% 
0% 
0% 
~--- --

Nelhe~ands lreland Norway' Scotland 
pel. trawl lrawl l purse seine all gears 

0% 0% 
0% 0% 
0% 0% 

- ---- ---·--· ------ ------ ------

0% 1% 
-~ ------

1% 0% 0% 
------~- ------

0% 0% 
--------- ------ ·----~-

1% 0% 
----- ------- __ " ____ 

0% 0% 0% -·----·- ---- - -----·- l 
3% 1% 
5% l% 0% 
------- ---------. ------- - ---
3% l% l - 0% -------- -------------

2% 1% 0% ----------
4% 2% 0% 1% 

------- ---- ----·· ------- -----------

4% 4% 1% 3% . - ----------- ----- ------- ----------
4% 8% 3% 3% - ------------
4% 9% 5% 6% ---------- -- ----
5% 9% 8% 9% ----- -------

8% 10% 14% 15% ----- ----
11% 11% 17% 14% 
------- -·-· --~ 

10% 10% 20% 14% 
··---- 1----C-----

9% 7% 12% 11% 
--~-- ----

7% 6% 9%_ 6% ----
5% 5% 7% 5% 

-------:-~-- -------
4% 4% 3% 4% 

----- ---------- - ··-----·-·· 
4% 3% 1% 3% ------- ---- ----- -------- ------
2% 2% 0% 2% 

------ ---
1% 1% 0% 1% 

---- -----·--
1% 0% 0% 1% 

----- -----------~~ 
0% 0% 0% f-----2: ------~ 

0% ·-------
----- ------- -- -----

- -----~ ---- ------ -- ---

----· .-~ --------- -
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En land Russia 
lines trawl all gears 

0% 
0% 
0% 0% 
0% 0% --
0% 2% -----· 
1% 6% 
2% 8% 
3% 9% 
5% 9% 0% 

--~- --------
10% 15% 0% 
11% 14% 1% 
8% 11% 5% 

,10% 10% 8% 
10% 5% 10% ----------
11% 4% 14% ------
9% 3% 17% 
6% 1% 16% 
5% 0% 12% 
3% 0% 6~ 
2% 0% 4% 
1% 0% 3% 
O% r--- ----- 2% 
0% 1% 
0% 0% 

1----- 0% 

1------ ---,--
0% -----

-----



"' o Table 2.4.3.1 Mean length at age for NE Atlantic mackerel 

A ea "' llla IV a IVb IV o 
o 0.0 0.0 0.0 0.0 o. o 
1 0.0 0.0 29.4 27.0 00 
2 31.9 29.8 30.2 31.2 00 
3 33.2 32.4 32.1 33.0 0.0 
4 35.0 35.4 34.6 36.5 0.0 
5 36.1 37.1 36.0 37.0 o.a 
6 36.9 38.4 36.9 37.5 a. o 
7 37.8 40.5 38.3 0.0 00 
8 39.2 40.9 38.9 38.5 0.0 
9 39.3 41.2 39.6 o.a 0.0 
10 40.3 0.0 40.4 0.0 0.0 
11 41.0 43.0 40.7 0.0 00 
12 41.7 0.0 41.6 o a 0.0 
13 45.0 0.0 40.8 0.0 o. o 
14 0.0 43.5 43.5 0.0 00 

15+ 44.0 o. o 42.1 0.0 00 

A ea Ila l lia IV o IVb IV< 
o 0.0 0.0 0.0 0.0 0.0 
1 19.5 27.1 19.9 27.0 26.8 
2 30.9 31.9 31.6 31.2 30.8 
3 33.6 33.6 33.3 33.0 32.8 
4 35.2 35.3 34.9 365 35.5 
5 36.8 36.2 36.6 37.0 0.0 
6 38.6 37.1 38.0 37.5 0.0 
7 40.2 37.8 39.4 0.0 0.0 
8 38.9 38.8 39.0 38.5 o.a 
9 41.0 39.5 40.7 0.0 35.5 
10 42.0 39.8 40.9 0.0 0.0 
11 41.5 40.4 41.5 0.0 0.0 
12 0.0 41.3 41.2 0.0 0.0 
13 0.0 41.7 41.7 0.0 00 
14 0.0 43.1 43.1 o.a 00 
15+ 0.0 42.8 42.8 0.0 0.0 --

Va Vb VIa 
0.0 0.0 0.0 
0.0 21.5 21.5 
a. o 31.7 29.8 
00 33.5 31.3 
0.0 35.2 34.5 
a o 36.6 36.5 
o.a 37.6 37.3 
00 39.0 38.6 
0.0 38.9 39.9 
00 40_6 40.4 
00 40_4 41_0 
0.0 41_0 4:?.3 
0.0 41.3 42.8 
o.a 41.7 41.5 
o.a 43.1 40.2 
00 42.8 42.9 

va Vb VIa 
0.0 0.0 0.0 
O.D 19.5 20.7 
0.0 31.5 0.0 
00 33.5 32.4 
00 35.2 34.6 
0.0 36.8 36.1 
0.0 38.3 36.8 
0.0 40.1 38.3 
0.0 38.9 39.6 
o.a 41.0 39.8 
0.0 41.8 40.8 
0.0 41.5 41.9 
0.0 41.0 41.3 
0.0 0.0 38.8 
0.0 00 40.0 
00 o o 42.2 

Quarter t 
VIl a Vllbc Ylld Vllef VIl Vllh VIl Vllk VIlla Vlllb VIlle east VIlle west IX. All areas 
0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o. o 0.0 0.0 

27.5 0.0 27.5 27.5 0.0 23.9 0.0 0.0 22.7 22.7 23.7 23.6 22.8 23.4 
28.6 30.6 28.6 28.6 0.0 27.3 30.6 30.6 29.9 29.9 29.6 29.1 28.8 29.2 
30.8 32.2 30.8 30.8 33.2 30.7 33.1 33.0 34.0 34.a 34.4 32.3 32.1 32.1 
33.0 35.2 33.0 33.0 34.7 33.4 35.0 35.3 35.1 35.1 35.5 34.5 34.7 34.7 
34.8 37.1 34.8 34.8 36.5 35.5 36.7 36.8 36.3 36.3 36.9 35.8 36.0 36.3 
34.5 38.2 34.5 34.5 36.8 35.5 37.5 38.5 37.9 37.9 38.3 37.0 36.8 37.2 
33.7 39.8 33.7 33.7 38.7 34.7 39.2 39.9 39.1 39.1 39.4 38.5 37.9 38.7 
39.5 40.7 39.5 39.5 40.1 39.5 40.6 40.8 40.0 40.0 40.0 38.6 38.5 39.5 
39.5 41.0 39.5 39.5 40.6 40.1 41.6 42.3 41.0 41.0 41.0 39.9 39.5 40.4 
0.0 42.0 0.0 0.0 40.9 0.0 39.9 38.5 41.3 41.3 41.5 40.0 40.2 40.7 
0.0 43.0 o. o o.a 0.0 0.0 43.5 43.5 41.3 41.3 41.7 39.9 41.8 41.4 
35.5 43.6 35.5 35.5 0.0 35.5 0.0 o. o 42.3 42.3 42.7 41.0 43.7 41.9 
00 43."1 0.0 0.0 00 0.0 0.0 0.0 42.8 42.8 43.0 42.5 41.6 41.3 
0.0 44.5 0.0 0.0 0.0 0.0 0.0 0.0 44.5 44.5 44.2 43.1 0.0 41.7 
36.5 46.5 36.5 36.5 0.0 36.5 0.0 0.0 45.2 45.2 44.0 42.9 41.5 42.3 

Quarter 2 .......... "' • .e; 

VIl a VIl be Vtld Vllef VIl Vllh VIl' V lik VIlla Vlllb VIlle east VIlle west IXa All area$ 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o. o 0.0 o. o 0.0 00 
0.0 18.2 26.8 27.5 0.0 20.2 0.0 0.0 22.7 22.8 25.0 26.2 24.5 24.6 
o. o 30.2 30.8 28.6 28.6 26.8 28.6 o. o 29.9 32.1 31.0 28.3 28.9 28.8 
o. o 31.5 32.8 30.8 30.4 34.4 31.2 0.0 34.0 34.4 34.6 32.5 327 32.6 
0.0 34.3 35.5 33.0 32.7 31.5 33.6 0.0 35.1 35.7 35.7 34.9 34.8 34.7 
0.0 36.2 o.a 34.8 36.3 37.1 36.4 0.0 36.3 37.1 37.1 38.7 36.6 366 
o.a 37.3 0.0 34.5 37.7 39.0 37.1 0.0 37.9 39.0 38.6 38.1 37.7 37.7 

l 0.0 38.8 0.0 33.7 39.7 39.7 39.9 0.0 39.1 39.7 39.5 39.2 38.7 39.3 
00 39_7 0.0 39.5 38.5 40.5 39.0 0.0 40.0 40.5 40.1 39.8 39.3 39.5 
0.0 41.2 35.5 39.5 39.2 41.2 40.4 0.0 41.0 41.2 41.0 40.9 40.4 40.7 
0.0 40.3 0.0 0.0 41.6 41.1 41.7 0.0 41.3 41.1 41.5 41.5 41.0 41.3 
0.0 41.6 o. o 0.0 41.9 41.3 41.5 0.0 41.3 41.3 41.9 42.0 41.6 41.7 
0.0 41.5 0.0 35.5 39.5 42.1 40.7 l . 0.0 42.3 42.1 42.8 43.0 42.8 41.7 
00 42.8 0.0 0.0 0.0 0.0 42.5 0.0 42.8 42.7 43.1 43.2 43.2 42.1 
0.0 44.5 a.o 0.0 0.0 0.0 43.9 0.0 44.5 44.5 44.1 44.1 43.9 43.7 ! 

0.0 44.5 0.0 36.5 4:1.5 a.o 43.8 0.0 45.2 44.5 44.6 48.1 43.~--~~ 
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Table 2.4.3.1 (continued) Mean length at age for NE Allantic mackerel 

uuaner ;s ... "' '"' IV o IVb IV' V o Vb VI o V lia VIl be Vlld Vllef VIl Vllh VIl V lik Vllo Vlllb VIlle east VIlle west IXo All 8rli8S 
o 00 0.0 0.0 0.0 0.0 0.0 0.0 20.4 22.6 19.5 22.6 19.5 00 22.6 00 o. o 0.0 0.0 21.2 0.0 22.6 22.2 

1 00 27.1 27.0 27.0 268 00 233 25.9 27 4 269 27.4 270 28.9 26.4 27.1 00 0.0 0.0 28.8 28.0 28.5 27.0 

2 32.4 31.9 31.0 31.2 308 00 31.8 299 297 296 29.7 29.3 31.6 292 29.6 o o 31.1 31.1 30.0 28.8 30.9 302 

3 33.3 33.6 33.3 33.0 32.8 0.0 33.6 "' 31.0 30.6 31.0 30.0 324 34.4 30.4 o o 33.9 33.9 32.2 30.4 34.3 32.8 

4 349 35.3 35.3 36.4 35.5 O.D 35 3 351 33.3 32.4 333 313 34.7 35.7 32.7 0.0 35.4 35.4 33.6 32.8 349 34.9 

5 36.1 36.2 362 36.9 0.0 0.0 36.4 36.6 35.7 35.7 35.7 35.7 34.7 37.1 34.2 0.0 37.0 37.0 36.9 36.3 36.1 36.2 

• 37.2 37.1 37.1 37.4 0.0 0.0 37.3 39.0 36.8 36.4 36.8 36.8 36.4 39.0 35.3 o o 38.9 389 38.2 37.7 37.5 37.2 

7 37.9 37.8 37.8 362 0.0 DO 383 36.8 37.5 36.9 37.5 37.5 0.0 39.7 0.0 o. o 39.7 39.7 39.0 38.9 37.4 37.9 

• 39.3 38.8 38.8 38.5 0.0 00 38.8 3/H 38.0 38.3 38.0 38.0 0.0 40.5 38.8 0.0 40.5 40.5 39.5 39.3 39.0 39.0 

9 39.3 39.5 39.5 38.5 355 00 40.1 38 9 37.5 391 37.4 37.5 0.0 41.2 31.5 o o 41.2 41.2 40.7 40.5 39.2 39.5 

10 39.5 39.8 398 37.1 00 0.0 40.0 37 1 38.6 396 38.6 38.6 0.0 41.1 0.0 0.0 41.1 41.1 41.1 40.9 40.0 39.7 

11 41.4 40.4 40.3 36.2 00 00 40.7 38 3 38.8 43.0 38.8 38.8 0.0 41.3 0.0 0.0 41.3 41.3 41.4 41.0 41.7 40.8 

12 41.3 41.3 41.3 0.0 00 00 41.3 37.0 418 39.5 41.8 418 0.0 42.1 0.0 0.0 42.1 42.1 42.7 42.7 43.3 41.3 

13 45.0 41.7 41.7 0.0 00 00 417 O.D 37.8 41.5 37.8 37.8 0.0 42.7 0.0 0.0 42.7 42.7 43.5 43.5 41.5 41.7 

14 00 431 43.1 0.0 00 00 43.1 40.6 39.5 44.5 39.5 39.5 0.0 00 00 o o 445 44.5 440 44.0 0.0 43.0 

15+ 44.3 428 42.8 0.0 0.0 0.0 42.8 38.0 38.5 41.5 38.5 38.5 0.0 0.0 40.5 o o 44.5 44.5 440 44.1 44.8 43.1 

uuanør 'l ... "' "' IV o 1Vb IV' v. Vb VI o VIta VIl be Vlld Vllel VIl Vllh VIl Vllk VIlla Vlllb VIlle east VIlle west 1Xo Allareas 

o 00 0.0 20.9 0.0 0.0 0.0 0.0 20.9 25.1 0.0 0.0 25.1 0.0 240 0.0 0.0 25.9 25.9 22.8 25.4 22.9 228 

1 00 28.0 28.1 27.1 27.9 28.1 28.1 288 28.1 28.2 28.0 281 28.9 26.8 28.9 o o 28.6 28.6 28.9 29.1 28.6 27.7 

2 31.9 335 326 32.0 31.2 32.0 32.0 322 31.4 32.1 32.2 31.4 31.6 30.1 31.6 0.0 30.1 30.1 ... 9 30.1 30.4 31.7 

3 332 34.4 337 33.8 31.8 332 332 32.6 31.5 32.9 33.7 31.6 32.4 30.5 32.4 o.a 331 33.1 320 32.1 33.7 32.9 

4 35.0 35.8 35.7 35.9 33.5 35.3 353 34 6 33.3 347 358 33.4 347 31.8 34.7 0.0 37.5 37.5 340 33.9 345 35.2 

5 36.1 37.1 36.9 36.5 34 o 36.7 36.7 35.4 36.4 35.8 37.5 36.5 34.7 0.0 34.7 0.0 39.5 39.5 37.1 36.5 36.2 36.8 

6 36.9 37.7 37.4 37.2 38.0 37.0 37.0 375 34.4 37.3 39.5 345 364 34.5 36.4 o. o 39.5 39.5 38.9 38.3 37.7 37.3 

7 37.8 38.2 38.0 38.4 0.0 37.7 37.7 38.2 37.7 39.1 00 37.7 o.a 00 00 o o 39.5 39.5 39.8 39.0 37.4 38.0 

8 39.2 39.0 39.3 39.1 0.0 393 39.3 364 329 00 OD 329 0.0 32.5 0.0 o o 39.5 39.5 40.4 39.5 39.0 385 

• 39.3 40.3 40.4 39.9 0.0 39.8 39.8 39.8 375 381 00 37.5 OD 0.0 0.0 o.o 39.5 39.5 41.3 40.5 39.0 40.3 

10 40.3 400 40.9 42.3 0.0 40.3 40.3 39.0 36.7 39.5 00 36.7 OD 0.0 0.0 o.a 39.5 39.5 42.0 40.8 40.0 40.2 

11 41.0 40.4 40.2 402 00 402 40.2 34.5 0.0 405 00 0.0 o o 0.0 0.0 0.0 39.5 39.5 42.5 40.9 42.6 40.2 

12 41.7 413 420 41.9 37.5 423 42.3 39.5 37.9 0.0 . 0.0 37.9 o o 0.0 0.0 0.0 o.a o.a 42.9 41.6 43.5 41.7 

13 450 40.3 40.4 42.0 0.0 42.0 42.0 415 00 0.0 o.a 00 o o 0.0 0.0 OD 0.0 0.0 43.4 43.1 0.0 40.4 

14 0.0 42.4 42.0 o.a 00 0.0 0.0 0.0 0.0 o.a 0.0 00 o.a 00 0.0 o.a 0.0 00 43.9 440 0.0 42.0 

15+ 44.0 42.8 46.5 o.a 37 5 0.0 00 46 4 00 0.0 0.0 0.0 o o 00 0.0 0.0 o.a 00 43.7 43.5 o.a 43.6 

Q, UUIIflll:lr l"'t 

A llo llla IV o IVb IV' v. Vb VI o V lia VIl be Vlld Vllef VIl Vllh VIl Vllk Vllllll Vlllb Vllceaat VIlle west 1Xo All Blre&S 

o 0.0 00 20.9 00 00 00 00 20.5 23.5 19.5 22.6 20.9 o o 22.9 0.0 o o 25.9 25.9 22.5 25.4 22.7 22.5 

1 19.5 27.7 27.4 27.0 27.1 28.1 24.5 269 279 27.4 27.5 27.8 26.9 26.6 27.9 0.0 25.2 22.8 28.4 26.7 23.7 26.6 

2 324 31.5 319 312 30.9 320 317 31.8 29.7 31.4 29.9 30.8 31.6 29.0 30.3 306 29.9 30.1 30.0 28.8 29.8 30.7 

3 333 33 4 33.3 33.2 326 33.2 33.5 322 30.9 32.2 31.2 31.1 32.4 30.9 32.3 33.0 34.0 34.1 34.4 31.6 33.2 32.7 

4 34.9 35 4 35.1 36.3 33.8 353 35.2 34.5 33.0 34.7 33.6 329 34.3 336 34.5 35.3 35.2 35.3 35.6 34.5 34.8 348 

s 36.2 36.6 36.3 36.7 :.H.o 36.7 36.5 36.4 35.0 366 36.3 358 35.9 36.5 36.6 366 36.5 36 7 37.0 36.4 36.3 36.4 

6 37.3 37.6 37.1 373 38.0 37.0 37.6 37.2 34.7 37.8 37.3 345 369 38.0 37.4 385 38.2 385 38.5 37.8 37.5 37.3 

7 37.9 38.4 38.1 38.4 00 31.1 389 385 341 39.3 37.3 34.4 38.9 38.2 39.5 39.9 39.3 39.5 394 39.0 38.4 38.5 

• 39.2 395 38.9 38.5 00 39.3 36 9 396 362 40.3 38.0 33.3 39.3 40.0 39.8 40.8 40.0 40.3 40.0 39.6 39.1 39.3 

9 39.4 401 39.9 39.9 35.5 39.8 40.5 403 36 9 40.9 37.4 38.5 39.9 41.0 40.8 42.3 40.8 41.1 41.0 40.8 40.2 40.3 

10 396 39.8 40.3 422 0.0 40 3 40.3 40.9 37.1 41.4 38.6 367 41.2 41.1 41.1 38.5 41.1 41.2 41.5 41.4 40.6 40.5 

11 41.4 41.8 40.6 39.9 0.0 40.2 40.9 422 36 8 42.4 38.8 38.8 41.9 41.3 41.9 43.5 41.1 41.3 41.8 41.8 41.6 41.2 

12 41.3 41.3 416 41.9 37.5 423 413 42.1 35.9 41.9 41.4 35.9 39.5 40.8 40.7 a o 42.3 42.2 42.7 42.9 42.9 41.6 

13 45.0 41.3 40.9 42.0 0.0 420 41.7 41.2 37.8 42.9 37.8 37.8 0.0 42.7 42.5 o.a 42.8 42.7 43.1 43.2 43.1 41.5 

14 0.0 43.3 432 0.0 00 00 43.1 40.2 39.5 44.5 39.5 39.5 0.0 0.0 43.9 a o 44.5 44.5 44.1 44.1 43.9 42.3 '-" 
15+ 44.3 428 42.2 0.0 375 0.0 42.8 43.3 36.5 44.5 38.2 36.5 44.5 36.5 43.3 a.a 45.1 44.9 444 46.1 43.6 42.8 
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U> 
N Table 2.4.3.2 Mean Weight at age (kg) in the catch for NE Atlantic mackerel 

... lia llla IV a IVb IV o v. 
o 0.000 0.000 0.000 0.000 0.000 0.000 
1 0.000 0.000 0.185 0.149 0.000 0.000 
2 0.309 0.187 0.210 0.254 0.000 0.000 
3 0.352 0.267 0.260 0.294 0.000 0.000 
4 0.427 0.361 0.335 0.424 0.000 0.000 
5 0.473 0.437 0.383 0.413 0.000 0.000 
6 0.496 0.470 0.412 0.393 0.000 0.000 
7 0.527 0.561 0.463 0.000 0.000 0.000 

• 0.577 0.618 0.492 0.500 0.000 0.000 
9 0.608 0.577 0.535 0.000 o:ooo 0.000 
10 0.640 0.000 0.559 0.000 0.000 0.000 
11 0.643 0.651 0.562 0.000 0.000 o 000 
12 0.725 0.000 0.612 0.000 0.000 0.000 
13 0.800 0.000 0.572 0.000 0.000 0.000 
14 0.000 0.667 0.690 0.000 0.000 0.000 

15+ 0.815 0.000 0.639 0.000 0.000 0.000 

A eo lia llla IV o IVb IV o va 
o 0.000 0.000 0.000 0.000 0000 0.000 
1 0.056 0.171 0062 0.149 0.149 0.000 
2 0.258 0.293 0.276 0.254 0.243 0.000 
3 0.327 0.356 0.338 0.294 0.283 0.000 
4 0.378 0.432 0.390 0.424 0.395 0.000 
5 0.429 0.465 0.440 0.413 0.000 0.000 
6 0.501 0.538 0.510 0.393 0.000 0.000 
7 0.552 0.527 0.538 0.000 0.000 0.000 

• 0.493 0.570 0.525 0.500 0.000 0.000 
9 0.597 0.620 0.600 0.000 0.347 0.000 
10 0.583 0.645 0.580 0.000 0.000 o 000 
11 0.620 0.605 0.661 0.000 0.000 0.000 
12 0.000 0.701 0.659 0.000 0.000 0.000 
13 0.000 0.692 0.692 0.000 0.000 0.000 
14 0.000 0.760 0.760 0.000 0.000 0.000 
15+ 0.000 0.799 0.799 0.000 0.000 0.000 

Ouarter 1 ............. ' 

Vb v .. VIl a Vllbc V ild Vllef VIl 
0.000 0.000 0.000 0.000 0000 0.000 0.000 
o 086 0.072 0.138 0.000 0.136 0.138 0.000 
0.287 0.186 0.157 0.187 0.157 0.157 0.000 
0.342 0.231 0.196 0.239 0.196 0.196 0.254 
0.399 0.329 0.240 0.327 0.240 0.240 0.297 
0.445 0.400 0.280 0.397 0.280 0.280 0.352 
0.523 0.434 0.275 0.441 0.275 0.275 0.362 
0.539 0.479 0.256 0.506 0.256 0.256 0.434 
0.528 0.554 0.408 0.535 0.408 0.408 0.489 
0.604 o 568 0.408 0.538 0.408 0.408 0.511 
0.625 0.596 0.000 0.573 0.000 0.000 0.525 
0.619 0.666 0.000 0.635 0.000 0.000 0.000 
0.699 0.696 0.296 0.653 0.296 0.296 0.000 
0.692 0.631 0.000 0.630 0.000 0.000 0.000 
0.760 0.570 0.000 0.799 0.000 0.000 0.000 
o 799 0.704 0.322 0.810 0.322 0.322 0000 

Quarter 2 '-IUIIUCI .L 

Vb V lo VIl a V l lb c V lid VIl el VIl 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.056 0.064 0.000 0.033 0.149 0.138 0.000 
0.283 0.000 0.000 0.180 0.243 0.157 0.139 
0.334 0.243 0.000 0.208 0.283 0.196 0.172 
0.382 0.296 0.000 0.274 0.395 . 0.240 0.228 
0.432 0.345 0.000 0.327 0.000 0.280 0.324 
0.504 0.368 0.000 0.365 0.000 0.275 0.372 
0.550 0.410 0.000 0.425 0.000 0.256 0.446 
0.500 0.438 0.000 0.460 0.000 0.408 0.399 
0.598 0.449 0000 0.529 0.347 0.408 0.429 
0.578 0.491 0.000 0.471 0.000 0.000 0.5?4 
0.631 0.544 0.000 0.544 0.000 0.000 0.537 
0.576 0.484 0000 0.516 0.000 0.296 0.435 
0.000 0.4::19 0.000 0.608 0.000 0.000 0.000 
0.000 0.484 0.000 0.648 0.000 0.000 0.000 
0.000 0.559 0.000 0.656 0.000 0.322 0.666 
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Vllh VU" V lik VIlla Vlllb VIlle east VIlle west IX a All areas 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0000 

' 0.101 0.000 0.000 0.079 0.079 0.092 0.087 0.078 0.089 
0.153 0.189 0.189 0.169 0.189 0.182 0.168 0.185 0.180 
0.217 0.254 0.254 0.284 0.284 0.294 0.239 0.253 0.246 
0.279 0.312 0.326 0.314 0.314 0.322 0.291 0.304 0.323 
0.336 0.375 0.389 0.349 0.349 0.363 0.328 0.350 0.385 
0.338 0.400 0.450 o.4m 0.401 0.413 0.367 0.388 0.417 
0.313 0.467 0.508 0.442 0.442 0.450 0.414 0.426 0.467 
0.458 0.515 0.527 0.475 0.475 0.474 0.424 0.450 0.513 
0.480 0.578 0.631 0.514 0.514 0.511 0.462 0.486 0.544 
0.000 0.495 0.450 0.526 0.526 0.529 0.469 0.522 0.563 
0.000 0.562 0.562 0.526 0.526 0.542 0.463 0.574 0.590 
0.333 0.000 0.000 0.566 0.566 0.579 0.505 0.689 0.621 
0.000 0.000 0.000 0.584 0.584 0.595 0.565 0.528 0.598 
0.000 0.000 0.000 0.660 0.660 0.647 0.592 0.000 0.627 
0.382 0.000 0.000 0.695 0.695 0.640 0.583 0.524 0.654 

Vllh VIl" Vllk VIlla VIl lb VIlle east VIlle west IXa All areas 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.046 0.000 0.000 0.079 0.079 0.112 0.121 0.098 0.102 
0.111 0.139 0.000 0.189 0.234 0.208 0.154 0.183 0.168 
0.295 0.200 0.000 0.284 0.295 0.297 0.243 0.268 0.255 
0.191 0.258 0.000 0.314 0.329 0.327 0.303 0.309 0.305 
0.373 0.333 0.000 0.349 0.372 0.371 0.355 0.367 0.359 
0.438 0.373 0.000 0.401 0.438 0.419 0.400 0.409 0.399 
0.463 0.483 0.000 0.442 0.482 0.451 0.439 0.442 0.456 
0.492 0.454 0.000 0.475 0.492 0.473 0.461 0.465 0.468 
0.519 0.499 0.000 0.514 0.519 0.508 0.503 0.499 0.513 
0.518 0.543 0.000 0.526 0.518 0.528 0.529 0.532 0.524 
0.524 0.570 0.000 0.526 0.524 0.546 0.549 0.539 0.554 
0.557 0.500 0.000 0.566 0.558 0.583 0.589 0.617 0.538 
0.000 0.538 0.000 0.584 0.581 0.597 0.599 0.597 0.561 
0.000 0.614 0.000 0.660 0.660 0.64"2 0.640 0.628 0.612 
0.000 0.654 0.000 0.695 0.661 0.669 0.744 0.616 0.657 
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Table 2.4.3.2 (continued) Mean Welght 11tage (kg) In the catch lor NE Atlantic mackerel 

IVO IYb lY o Y o Vb 

0.000 0.000 0.000 0.000 0.000 
1 0000 0.171 0.149 0.149 0.149 o 000 0.114 
2 o 324 0.293 0.255 o 254 0.243 o 000 0.290 
3 0.354 0.356 0.339 0.294 0.283 o 000 0.34!:1 
4 0.419 0.432 0.430 0.423 0.395 o 000 0.415 
5 o 469 0.465 0.463 0.413 0000 o 000 0.455 
6 o 512 o 538 0.537 0.395 0.000 0.000 o 532 
7 0.525 0.527 0.527 0.448 0.000 0.000 o 532 
8 0.598 0.570 0.569 o 500 0000 o 000 0.551 
9 0.608 0.620 o 620 0.524 0.347 0.000 0.611 
ID 0.581 0.645 0.644 0.462 0000 0.000 0.638 
11 o 719 0605 0.602 0.444 0.000 0.000 0.611 
12 0.644 0.701 0.701 0.000 0000 0.000 0.700 

" o 800 o 692 0.692 0000 0.000 o 000 0.592 
14 0000 0.760 0.760 0.000 0.000 o 000 0.760 

... l lo ma lY o IVb IV< Y o Vb 
o 0.000 0.000 0.061 0.000 0000 0.000 0.000 
1 0.000 0.186 o 185 0.152 o 167 0.185 O, 185 
2 0.309 0.337 0.305 0.284 0.243 0.265 0.285 
3 0.352 0.373 0.343 0.346 0.249 0.321 0.321 
4 0.427 0.440 0.421 0.430 o 296 0.406 0.406 
5 0.473 0.483 0.464 0.451 0.310 0.460 0.460 
6 0.496 0.537 0.484 0.481 0.508 0.472 0.472 
7 0.527 0.483 0.481 0.528 0.000 o 489 0.489 
8 0.577 o 575 0.583 0560 0.000 o 588 0.588 
9 0.608 0.627 0.601 0.567 0.000 0.573 0.~73 

10 0.640 0.648 0.641 0.730 0.000 o 599 0.599 
11 0.643 0.605 0.596 0.596 0.000 0.596 0.596 
12 0.725 0.695 0.682 0.676 0.406 0.699 0.699 
13 0.800 0.602 0.584 o 649 0.000 0.649 o 649 
14 o 000 0.725 0.707 0.000 0.000 0.000 0.000 ... o 615 0.799 0.633 0.000 o 390 0.000 0.000 

... l lo 11111 lY o IYb lY< v. Yb 
o 0.000 0.000 0.061 0.000 0.000 0.000 0.000 
1 0.056 o. 182 0.161 0.149 0.154 0.185 0.130 
2 0.324 0.261 0.279 0.256 o 243 0.285 o 287 
3 0.354 0.331 0.325 0.308 0.275 0.321 0.342 
4 0.419 0400 0.385 0.425 0.311 o 406 0.401 
5 0.468 0.458 0.431 0.433 0.310 o 460 o 446 
6 o 511 0.518 0.469 0.452 o.5oa 0.472 o 523 
7 o 526 o 529 0.487 0.526 0.000 0.489 0.537 
8 0.593 0.585 0.531 0.506 0.000 0.588 0.532 
9 o 607 0609 0.568 0.586 o 347 o.~J::l o fi04 

10 o 583 0.645 0.602 0.724 o 000 0.599 0.627 
11 o 715 0.630 0.576 0.564 0.000 o 596 o 617 
12 0.646 0.700 o 670 0.676 0.406 o 699 o 699 
13 0.800 0.667 0.599 0.649 0000 0.649 o 692 
14 0.000 0.693 0.707 0.000 0000 o 000 o 760 ... 0.805 0.799 0.671 0.000 0.390 0.000 o 799 

V lo VIl a 
o 059 0.089 
o 130 0.162 
0.208 0.207 
ll242 0.239 
0.344 0298 
0.390 o 360 
o 499 0.388 
0.410 0.408 
0.495 0.428 
o 480 0.416 
o 480 o 441 
0.464 0.452 
0.403 0.550 
0.000 0.424 
o 546 0.482 

Y lo VIl a 
0.061 0.112 
o 183 o 162 
o 254 0.223 
0.271 0.229 
0.332 o 271 
o 379 0.355 
0.451 0.294 
0.472 0.428 
0.420 o 259 
0.575 0.416 
o 572 o 424 
0.344 0.000 
0.507 0.426 
o 573 0.000 
0000 0.000 
0.829 0.000 

Y lo vn• 
0.060 0.097 
o 152 0.161 
0.245 0.188 
0.259 0.205 
0.328 o 246 
o 396 0293 
0.426 0.286 
0.466 0.271 
o 536 0.348 
o 548 0.41, 
o 581 0.428 
o 651 o 452 
o 627 0.311 
0.606 0.424 
o 566 0.482 
0.71 J o 325 

Quar1er3 
Vllbc Vlld Vllel VIl VIl Il VIl Vllk VIlla Vlllb VIlle east VIlle west IXo Allareø 

0.047 0.089 0.050 0.000 0.085 0.000 0.000 0.000 0.000 0.062 0.000 0.074 0.074 
0.143 0.162 0.144 0.178 o 138 0.159 0.000 0.000 0.000 0.163 0.148 0.173 0.148 

0.196 0.207 0.207 0.238 0.197 0.207 0000 0.213 0.213 0.186 0.162 0.240 0.231 
o 218 0.239 0.204 0.258 o 295 0218 0.000 0.281 0.281 0.234 0.193 0.342 0.326 
0.256 0.298 0.234 0.324 0.329 0.265 0.000 0.323 0.323 0.271 0.249 0.353 0.412 
0.338 0.360 0.360 0.323 0.372 0.311 0.000 o 370 0.370 0.363 0.342 0.410 0.463 
0.347 0.388 0.388 0.3fl1 0.438 o 331 0.000 0.436 0.436 0.404 0.387 0.472 0.521 

0.364 0.408 0.408 0.000 0.463 0.000 0000 0.462 0462 0.432 0.427 0.462 0.522 
0.401 0.428 0.426 0.000 0.492 o 431 0000 0.492 o 492 0.451 0.442 0.536 0.574 

0.438 0.416 0.418 0.000 0.519 0.477 0000 0.519 0.519 0.496 0.486 0.539 0.603 
0.475 0.441 0.441 0.000 0.518 0.000 0.000 0.517 0.517 0.514 0.504 0.594 0.621 

0.551 o 452 0.452 0.000 0.524 0000 0000 0.524 0.524 0.525 0.511 0.661 0.641 
0.458 0.550 0.550 0.000 0.557 0.000 0000 0.557 0.557 0.579 0.577 0.752 0.688 
0.469 0.424 0.424 0.000 0.581 0.000 0.000 0.580 0.580 0.610 0.611 0.524 0.669 
0.728 0.482 o 482 0.000 0.000 0.000 0.000 0660 0.660 0.6.35 0.636 0.000 0.744 

auarter4 
V lilJe Vlld Vllel VIl Vllh VIl Vllk VIlla VHib VMicent VIlle west IX. Allareas 

0.000 0.000 0.112 0.000 0.098 0.000 0000 0.118 0.118 0.075 0.109 0.078 0.078 

0.162 0.151 0.162 0.176 0.136 0.178 0.000 0.162 0.162 0.165 0.167 0.179 0.156 

0.251 0263 0.224 0.238 0.196 0.238 0.000 0.194 0.194 0.184 0.189 0.225 0.245 

0.274 0.299 0.229 0.258 0.206 0.258 0.000 0.261 0.261 0.231 0.231 0.325 0.299 

0.328 0.352 0.274 0.324 0.261 0.324 0.000 0.391 o 391 0.262 0.277 0.345 0.366 

0.366 0.455 0.363 o 323 o 000 0.323 0.000 0451 0.451 0.369 0.348 0.415 0.455 

0.421 0.518 0299 0.381 0.289 0.361 0.000 0.452 0.452 0.429 0.408 0.461 0.474 

0.501 0.000 o 428 o 000 0.000 0.000 0.000 0.452 0.452 0.463 0.432 0.466 0.461 

0.000 0.000 o 259 0.000 0.241 0.000 0.000 0.452 0.452 0.488 0.451 0.542 0.536 

0.455 0000 0.418 o 000 0.000 0000 0.000 0.452 0.452 0.522 0.486 0.543 0.595 

0.512 0000 0.424 0.000 0.000 0.000 0.000 0.452 0.452 0.553 0.498 0.597 0.607 

0.556 0.000 0.000 0.000 0.000 0.000 0.000 0.452 0.452 0.572 0.502 0.745 0.593 

0.000 0.000 0.426 0.000 0.000 0.000 0.000 0.000 0.000 0.590 0.532 0.809 0.668 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.610 0.596 0.000 0.566 

0.000 0.000 0.000 o 000 0.000 0.000 0.000 0.000 0.000 0.634 D.IS35 0.000 0.708 

0.000 0.000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.625 0.614 0.000 0.697 

._.u11ner , ... 
VIl be V lid VIl et VIl Vllh VIl V lik VIlla Vlllb VIlle eaal VIlle west IX. All11reas 

0.047 0.089 [1 065 0.000 0.088 0.000 0.000 o 118 o 118 0.074 0.109 0.076 o 076 

0.151 0.159 (.).157 0.178 0.136 0.167 0.000 0.115 0.079 0.157 a. 131 0.090 0.143 

0.227 o 211 0.215 0.237 0.178 0.198 0.189 0.190 0.194 0.188 0.162 0.209 o 228 

0.245 0.243 0.216 o 254 0.218 0.234 0.254 0.284 0.288 0.293 0.223 0.297 0.294 

0.302 0.304 0.25.3 0.292 0.288 0.294 0.326 0.315 0.319 0.324 0.292 0.312 0.358 

0.360 0.391 0.329 0.334 0.359 0.357 0.389 0.354 0.359 0.368 0.346 0.378 0.414 

0.404 0.412 o 293 0.367 0.409 0.390 0.450 0.410 0.422 0.417 0.393 0.435 0.454 

0.466 0.402 0.287 0.437 0.419 0.473 0.508 0.447 0455 o 450 0.433 0.441 0.461 

0.504 0.428 0.268 0.444 0.475 0.482 0.527 0.474 0.486 0.473 0.454 0.468 0.524 

0.530 0.414 0.413 0.472 0.513 0.531 0.631 0.504 0.517 0.510 0.497 0.500 0 . .553 

0.537 o 441 0.424 0.525 0.518 0.525 0.450 0.515 0.521 0.528 0.522 O.f)-48 0.578 

0.593 o 452 0.452 0.537 0.524 0.566 0.562 0.516 0.525 0.545 0.540 0.544 0.592 

0.551 0.536 0.318 o 435 0.513 0.500 0.000 0.564 0.561 0.562 0.585 0.627 0.640 

0.611 o 424 o 424 0.000 0.581 0.536 0.000 0.584 0.582 0.596 0.599 0.595 0.600 

0.747 o 482 o 482 0.000 0.000 0.614 0.000 0.660 0.660 0.644 0.639 0.628 0.636 

0.650 0.430 0.323 0666 0.362 0.637 0.000 0.691 0.682 0.659 0.742 0.616 0.676 
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Table 2.4.3.3 Mean weight (kg) at age in the Stock for NE Atlantic mackerel based on the the Western Southem and North Sea 
components 

Aoe 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

15+ 

54 

Western Stock Southern Stock 
Relative Relative 

Weioht (ka\ weohtino Weioht lko\ weohtino 
0.825 

0.187 0.825 
0.216 0.825 
0.290 0.825 
0.357 0.825 
0.398 0.825 
0.446 0.825 
0.480 0.825 
0.520 0.825 
0.539 0.825 
0.530 0.825 
0.568 0.825 
0.563 0.825 
0.625 0.825 
0.603 0.825 

1 Constant values used since 1 984 
2 Constant values used since 1984 
3 Constant values used since 1988 

0.161 0.150 
0.248 0.150 
0.305 0.150 
0.354 0.150 
0.385 0.150 
0.427 0.150 
0.455 0.150 
0.493 0.150 
0.511 0.150 
0.545 0.150 
0.548 0.150 
0.617 0.150 
0.622 0.150 
0.656 0.150 
0.716 0.150 

N. Sea Stock' 
Relative 

Weight lko\ weohtino 
0.138 0.026 
0.230 0.026 
0.314 0.026 
0.357 0.026 
0.438 0.026 
0.464 O.D26 
0.418 O.D26 
0.471 O.D26 
0.529 0.026 
0.545 0.026 
0.550 0.026 
0.630 0.026 
0.660 0.026 
0.680 O.D26 
0.690 0.026 
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NE Atlantic Stock 

Weioht lko\ 
0.840 
0.197 
0.232 
0.301 
0.363 
0.404 
0.447 
0.482 
0.519 
0.540 
0.533 
0.577 
0.574 
0.631 
0.623 



Table 2.4.4.1 Proportion mature at age for the North East Atlantic mackerel as obtained from the Western, 
Southern and North Sea components (weighting accordlng spawing biomass of repective areas). 

NE Atlantic Stock 
Westem Stock Soulhem Stock N. Sea Stock Maturity ogive 

Aoe Maturitv oaive Weighling Maturitv oaive Weiohtino Maturitv ooive Weighting Weighled mean 
1 0.08 0.825 0.45 0.150 0.00 0.026 0.14 
2 0.60 0.825 0.89 0.150 0.37 0.026 0.65 
3 0.90 0.825 0.95 0.150 1.00 0.026 0.91 
4 0.97 0.825 1.00 0.150 1.00 0.026 0.97 
5 0.97 0.825 1.00 0.150 1.00 0.026 0.97 
6 0.99 0.825 1.00 0.150 1.00 0.026 0.99 
7 1.00 0.825 1.00 0.150 1.00 0.026 1.00 
8 1.00 0.825 1.00 0.150 1.00 0.026 1.00 
9 1.00 0.825 1.00 0.150 1.00 0.026 1.00 
10 1.00 0.825 1.00 0.150 1.00 0.026 1.00 
11 1.00 0.825 1.00 0.150 1.00 0.026 1.00 
12 1.00 0.825 1.00 0.150 1.00 0.026 1.00 
13 1.00 0.825 1.00 0.150 1.00 0.026 1.00 
14 1.00 0.825 1.00 0.150 1.00 0.026 1.00 

15+ 1.00 0.825 1.00 0.150 1.00 0.026 1.00 
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"' Table 2.6.1.1 SOUTHERN MACKEREL. Effort data by fleets. 

BPAIN 

'RAWL BOOC~ (BAND-LINE) PORS!i: SII::UlB 

AVIL.E.S LA CO::RC:rl\IA SANTANDER SANTONA . J vr:::;o 
(Subdiv.VII~c East) [Sucd1•f.'Jlllr~ ',~Est.: (Subdiv.VIIIc Bast) (Subd1v.Vlllc East) {Subdiv.IXa North) 

l HP*tishing days*lO~ 21 <.Jl.v. HP'tishing days•.:.(!~ 21 IN' fishing tr~ps) (N• f1shing tr1ps) IN' fishing trips) 

YEAB ANUAC AN\ l AL MAfi.CH to MAY MARCH to MAY ANUAL 

1983 12568 33999 - - 20 

1~8.( lO AlS .:!24<:7 - 700 

1985 9856 3(;:.!:,~ m 
1986 10845 26'i4iJ 15' 

1987 8309 231:<2 - - 92 

1988 9047 28119 - - 374 

l!IB!I 8063 2%n m m 
1990 8492 29'i78 m m "' 1991 7677 269~-9 209 "' 66 

1992 12 69J 26199 " 698 286 

1993 7635 2%10 151 1216 -
lSIH 9620 j~~':i(! u o 1926 -

1995 6146 414'i:2 217 1036 

1996 4525 >~nR 5'0 2007 

1997 <1699 35211 736 2095 ----------- ----- ------ ---

Not available 

Table 2.6.1.2 SOUTHERN MACKEREL. CPUE serie& in comrnercial fiøherie•. 

YEAR 

1983 

198ol 

1985 

1!186 

1987 

1988 

1989 

1990 

1991 

199.:il 

1993 

1994 

1995 

1996 

1997 

AV ILES 

ISubdiv VIlle E":;L) 

TRAWL 

LA CORTJNA 

u_;utdiv _v:J Te West: 

SPAIN 

HOOC~ (HAND-LINE) 

SAN'l'ANDER SANTO~A 

(Subdiv.VITic EastJIISubdiv.VIIIc East) 

PURSB SJ:INE 

VIGD 

(Subdiv.IXa North) 

Kg/HP~fishing days~ro~ 21 :E<JIAv EP~tishu1g- d«ys~ro~ 2) g/N' fishing tdp g/N° fish1ng trip (t!N' tishing tripsl 

ANUAL ;>.NUAL M . .'!.H211 lu MAY MARCH to MAY ANUAL 

14.2 34.2 l l l l. 

24.1 

n. 
41.1 

13. o 
15.9 

19. 

82. 7 

68 

35 .l 

12.8 

" ' 94.9 

124. 5 

133. 

Not avallable 

4U.l 

38 .l 

" ' 36. 

" c 
43. o 
59 

" " 19 

19.2 

41.<1 

14 o 
2~ l 

~5 7 

142'1. ~ 

739 6 1924 4 

632.9 1394 

905 6 856.4 

613.3 1790.9 

2388 5 1590 6 

3136.1 1987_9 

lHS. 1508.9 

2:!. 37 9 1867.8 

o \a;; fm\ wyL ">'"' \ wgmhsa \r.,pui t;,; \19 99\ t · 2 611- 2 -;<l s 

5.6 

. ' 
5. 

2 

3 

2. 

' ' o 
.9 

POR'l'UGAL ...... 
ISubdiv.IXa CN,CS _S\ 

(Fishing hours) 

ANUAL 

-
-

-
-

60601 

53428 

49532 

45467 

78272 

48565 

39062 

44463 

36002 

31383 

('QRTUGAI. ...... 
l 

ISubdiv.IXa CN,CS &S! 

IY.q/Fishinq hours) 

ANUAL 

33.1 

26. 

39.6 

38.6 

20.3 

16-

20.7 

24.6 

28-8 

" 



Table 2.6.1.3 SCIU'l'HIU:UI MACUU:L. CP'IJ'B at age from fleeta. 

VIIIc Bast haDdlia. fleet {Spsia:Santoa&) (Catcb tbousaads) 

Catch Catcb C&tc:b Cstch Cstc:h Catch Catcb Catcb Catc:b Catc:h catc:h Catch Catcb Catch Catch Catch 

Year Kffort aga o aga 1 &'Ja 2 age l age 4 age 5 a9111 6 ag-e 7 a9a 8 age 9 age 10 age 11 age 1::t &'Ja 13 age Ho age l.S+ 

1989 

1990 

1991 

199::t 

1993 

1994 

1995 

1996 

1997 

'" "' 
"' "' Ul6 

1926 

1696 

2007 

2095 

" 41 

52 

" " 168 

83 

28 

255 

" " m 

"' 65 
526 

"' 401 

"' 

U2 299 

71 210 

785 473 

442 477 

1043 621 

1060 2005 

1001 789 

1234 865 

3475 2591 

197 

'" 309 

139 

1487 

1443 

1092 

701 

"' 

309 

177 

323 

" 771 

1003 

'" 131:il 

"" 

'" "' 100 

77 

305 

'" 
928 

802 

m 

130 

378 

" 20 

339 

3.0 

519 

773 

071 

VIIIc Bast haDdliae fleet (Spaia:Saatandar) CC&tc:b tbouøaDds) 

" 127 
150 

15 

215 

"' 339 

m 
208 

27 

" 29 

17 

"' " 300 

288 

"' 

23 

51 

• 
59 

" 159 

105 

" 

19 

2 

" " 83 

13 

" 

7 

7 

' 

" " 
" 28 

11 

19 

l 

52 

" 18 

11 

Catch Catcb Catch Catch Catch Catcb C&tc:h Catcb Catc:b Catc:h Catc:h Catc:b Catcb Catcb Catch Catch 

Year Effort age O age 1 aga 2 aga age 4 age S aøa 6 aga 7 aga 9 age 9 a9e 10 age 11 age 12 &'ire 13 aga 14age 15+ 

1990 322 

1991 209 

1992 70 

1993 151 

1994 130 

1995 217 

1996 560 

1997 736 

25 66 

45 96 60 

60 47 51 

n 26 

56 110 205 

171 168 144 

89 276 191 

170 963 754 

132 

" 15 

63 

146 

225 

152 

368 

41 86 83 

43 111 14 

8 
33 15 15 

101 40 36 

227 222 107 

293 17l 164 

472 398 328 

VIIIc: Bast traw1 f1aat (Spaia:Avi1ea) (Catch thousaada) 

lB 

70 

70 

170 

lO 

56 

60 

100 

11 

22 

22 

" 

2 

l 

2 

11 

' 

Catc:h Catc:b Catcb Catch Catc:h Catc:b Catch Catcb Catch Catch catch Catch Catch Catcb Catch Catch 

Year Effort aga o aøa 1 •o• 2 aga 3 aga 4 age 5 .aga 6 aga 7 a9e 9 age 9 age 10 age 11 aga 12 &IJ& 13 aga 14 aga 15+ 

1998 9047 

1999 8063 

1990 

1991 

8492 

7677 

1834 

95 

333 25 

535 201 

6690 

2419 

1<5 

592 

" 66 

123 

205 

126 

38 

"' 108 

28 

53 

158 

99 

" 17 
181 

57 

1992 12693 236 1495 329 122 65 115 56 

1.993 7635 H 48 8 49 20 37 

1994 9620 83 317 299 180 302 204 

1995 6146 139 261 168 125 177 

1.996 4525 

1997 4699 368 

327 

786 

126 274 

934 :a3 
m 
391 

Bl 

'" 

31 

23 

21 

55 

38 

20 

"' 1~6 

134 

" 

15 

29 

24 

H 

" 11 

56 

"' 70 

" 

17 

" 16 

13 

" 
" 
" 37 

VIrre Weat trawl fleet (Spain:La Coruda) {Catch tbouaandal 

16 

19 

21 

50 

" 22 

l2 

44 

21 

" 

13 

13 

lO 11 

2 

24 

13 

Catch catcb Catch Catch Catch Catcb catc:h Catcb Catcb Catc:b Catch Catch Catch Catcb Catch Catcb 

Year Effort age O age l age 2 age 3 age 4 age 5 ao• 6 age 7 aqe 9 ag-e 9 aga lO age l l age 12 age 13 age 14o ao• 15+ 

1989 28119 6C95 Si!4 

1989 29628 462 482 ~19 

1990 29578 27 ~535 939 

1991 26959 

1992 

1993 
26199 

29670 

"' 219 

J45 ~33 541 231 

175 ~3S 170 624 

57] 

m 
118 

551 

355 

188 

4-15 

1:3 

265 

1994 39590 :<37 1">31 :..035 .~:O.l 1156 575 

1995 4:452 735 249 OC· ~24 32-l. 2S1 3.'!1 

1996 35728 54 5865 1~4 562 695 '.4R 77 

1997 35211 lJ 626 134·1 S31 :..234 493 136 

355 444 

18-1 4C9 

5~-1 

26-1 

376 

127 '" 55 

114 

IXa traw1 fleet {Portugal) (Catch tbouøaada) 

53 

lU 

405 

165 

~J 

40 

17 5 

59 

88 

~15 

27 

104. 

20 

32 

21 

" 8 

" 

19 

15 

23 

Catch C&tc:h Catch Catcb C.atcb Catch catcb Catch Catc:b Catch catch Catc:h Catcb Catch Catch Catch 

Year lffort age O aga l age age 3 age 4 agoe 5 aga 6 age 1 aga 8 aga !il age 10 age 11 age 1:1 age 13 aga 14 age 15+ 

1998 60601 8076 

19951 53428 6092 

1990 49532 2840 

1991 45467 

1992 78272 

199) 48565 

1994 39062 

1995 444.63 

1996 36002 

1695 

498 

10:0 

650 

1001 

m 
1997 31383 318 

4510 536 

6468 1080 

5729 1957 

2397 1.904 

2211 1015 

2365 442 

1123 1447 

2690 9llJ 

1293 778 

m 
572 

137 

1Cl~O 

"' :. 72 

.342 

295 

49') 

" 
'"' 
" 138 

263 

155 

125 

99 

:069 

885 1763 131 98 

" 51 

11 

85 

100 

32 

" 59 

86 

125 

65 

46 
88 

"' 

24 

22 

21 

40 

129 

" 

o 

25 

98 

47 

17 

109 

20 

o 

16 

66 

20 

o\acfm\wgTE!ps\wgmhsa.\r'='ports\1999\t-2613 . .xls 

8 

H 17 

'o 

o 
o 
6 

o 

o 
o 
o 

57 



V. Ta ble 2.9.1.1 00 North East Atlantic mackerel. Catch numbers at age. 

Mackerel NE Atlantic (run: ICAELT08/I08) Output Generated by !CA Version 1.4 

----------------------------------------

Catch in Number 

----------------------------------------------------------------------
AGE l 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
------+----------------------------------------------------------------------------------

o l 288.40 81.22 48.52 7.42 55.12 65.40 24.25 10.01 43.45 19.35 25.37 14.76 37.96 36.01 
l l 32.02 267.06 56.42 40.20 145.97 64.26 140.53 58.46 83.58 128.14 147.32 81.53 119.85 144.39 
2 l 86.40 20.75 412.12 156.97 131.61 312.74 209.85 212. 52 156.29 210.32 221.49 340.90 168.88 186.48 
3 l 685.13 57.93 37.26 664.65 182.06 207.69 410.75 206.42 356.21 266.68 306.98 340.22 333.37 23 8. 43 
4 l 389.08 442 '21 74.30 56.79 514.81 167.59 208.15 375.45 266.59 398.24 267.42 275.03 279.18 378.88 
5 l 252.48 250.43 353.45 89.17 69.72 362.47 156.74 188.62 306.14 244.29 301.35 186.86 177.67 246.78 
6 l 98.44 164.05 2 o l. 93 245.04 83.50 48.70 254.02 129.15 156.07 255.47 184.93 197.86 96.30 135.06 
7 l 22.17 61.92 122.48 150.88 192.22 58.12 42.55 197.89 113.90 149.93 189.85 142.34 119.83 84 '38 
8 l 62.05 19' 42 41.32 86.03 117 .13 111.25 49.70 51.08 138.46 97.75 106.11 113.41 55.81 66.50 
9 l 48.11 47.22 13.14 34.86 53.46 68.24 85.45 43.42 51.21 121.40 80.05 69.19 59.80 39.45 

lO l 37.63 37.34 31.83 19.70 19.80 32.23 33.04 70.84 36.61 38.79 57.62 42.44 25.80 26.74 
11 l 30.22 26.77 22.30 25.80 12.60 13.90 16.59 29.74 40.96 29.07 20.41 37 '96 18.35 13.95 
12 l 69.45 96' 96 78.78 63.27 54.98 35.81 27.91 52.99 68.21 68.22 57.55 39.75 30.65 24.97 

--------------------------------------------------
X 10 "' 6 

Tablc 2.9.1.2 North East Atlantic rnackerel. Biomass estimates from egg surveys of which the 1998 estimata is preliminary. 

INDICES"OF SPAWNING BIOMASS 

INDEX1 

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 
------+---:_---

l l ******* ******* 2470.0 ******* **""**!<* 2940.0 ******* ******* 3370.0 ******* ******* 2840.0 ******* ******* 2414.0 

------+-----
X 10 "' 3 
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Table 2.9.1.3 North East Atlantic mackerel. Catch weights at age. 

Weights at age in the catches {Kg) 

AGE 

o 
l 
2 
3 
4 

5 
6 
7 

8 

9 
lO 
11 
12 

1984 

.03100 

.10200 

.18400 

.29500 

.32600 

.34400 

. 4 3100 

.54200 

.48000 

.56900 

.62800 

.63600 

.66300 

1985 1986 

.05500 .03900 

.14400 .14600 

. 26200 . 24500 

. 35700 . 33500 

. 41800 . 42300 

.41700 .47100 

.43600 .44400 

. 52100 . 45700 

.55500 .54300 

.56400 .59100 

. 62900 . 55200 

. 67900 . 69400 

. 71000 . 68800 

1987 

.07600 

.17900 

.22300 

. 31800 

. 3 9900 

.47400 

.51200 

. 49300 

.49800 

.58000 

.63400 

.63500 

.71800 

1988 

.05100 

. 13 3 00 

.25900 

.32300 

.38800 

.45600 

.52400 

.55500 

.55500 

.56200 

.61300 

.62400 

.69700 

1989 

.04900 

. 13 6 00 

.23700 

.32000 

. 37700 

.43300 

.45600 

.54300 

.59200 

.57800 

.58100 

.64800 

.73900 

1990 

.08500 

.15600 

.23300 

.33600 

.37900 

.42300 

.46700 

.52800 

.55200 

.60600 

.60600 

. 59100 

.71300 

1991 

.06800 

.15600 

.25300 

.32700 

.39400 

.42300 

.46900 

.50600 

.55400 

.60900 

.63000 

.64900 

.70800 

1992 

.05100 

.16700 

.23900 

.33300 

.39700 

.46000 

.49500 

.53200 

.55500 

.59700 

.65100 

.66300 

.66900 

1993 

.06100 

.13400 

.24000 

. 317 00 

.37600 

.43600 

.48300 

.52700 

.54800 

.58300 

.59500 

.64700 

.67900 

1994 

.04600 

.13600 

.25500 

.33900 

.39000 

.44800 

.51200 

.54300 

.59000 

. 58300 

.62700 

.67800 

.71300 

1995 

.07200 

.14300 

.23400 

.33300 

.39000 

.45200 

.50100 

.53900 

. 57700 

.59400 

.60600 

.63100 

. 67200 

1996 

. 05 800 

.14300 

.22600 

. 31300 

. 37700 

.42500 

. 48400 

.51800 

.55100 

.57600 

.59600 

.60300 

.67000 

1997 

.07600 

.14300 

.23000 

.29500 

.35900 

.41500 

.45300 

.48100 

.52400 

.55300 

.57700 

. 59100 

.63600 

------+----------------------------------------------------------------------------------------------------------------

Ta ble 2.9.1.4 North East Atlantic mackerel. Stock weights at age. 

Weights at age in the stock (Kg) 

AGE 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
------+-----------------------------------------------------------------------------------------------------------------

o 
l 
2 

3 

4 
5 
6 
7 

8 

9 
10 
11 
12 

.00000 

.08700 

.19800 

.25700 

.29700 

.32100 

.38900 

.00000 

.08700 

.16800 

.29500 

.31100 

.34000 

.37800 
. 43500 . 42900 
.43500 .45100 
. 47400 . 46000 
.52100 .55400 
.50800 .57500 
. 57300 . 61100 

.00000 

.08700 

.18000 

.27000 

.30200 

.35300 

.35400 

.40700 

.47300 

.45500 

.46900 

.48800 

.58600 

.00000 

.08600 

.15800 

.24600 

.28400 

.36800 

.38200 

.40400 

.41900 

.47000 

.49500 

.46200 

.56900 

.00000 

.08400 

.16100 

.24400 

.31000 

.33600 

.43300 

.45500 

.44500 

.46800 

.53100 

.59700 

.64700 

.00000 

.08400 

.18700 

.24800 

. 30700 

.34800 

.37300 

.42400 

. 47200 

.45200 

.46500 

.50400 

.59700 

.00000 

.08400 

.14600 

.22700 

.29100 

.33900 

.37400 

.41200 

.40800 

.43400 

.51900 

.51900 

. 53700 

0:\Acfm\ W grcps\ W gmhsa\Rcports\ 1999\T-2'::1 l 1-1 . Doc 

.00000 

.08400 

.16400 

.23900 

.31400 

.36000 

. 41100 

.43500 

.50400 

.54200 

.57000 

.57000 

.58600 

.00000 

.08400 

.22100 

.26400 

.31600 

.36300 

. 40400 

.42900 

.46800 

.49200 

. 52600 

.55500 

.59200 

.00000 

.08400 

.20100 

. 27000 

.31800 

.36100 

.41800 

.45800 

.46800 

.48500 

.51700 

.59000 

.57400 

.00000 

.08400 

.18600 

.24100 

.29900 

.35800 

.41000 

.46600 

.46800 

.47800 

.54900 

.60200 

.57900 

.00000 

.08400 

.16600 

.26600 

.32200 

.39100 

.44200 

.48700 

.50400 

.54100 

.50800 

.61500 

.63500 

.00000 

.08400 

.14100 

. 25300 

.32000 

.36000 

.44000 

.46300 

.50300 

.56600 

.57500 

.61300 

.63800 

.00000 

.08400 

.19700 

. 23200 

.30100 

. 3 63 00 

.40400 

.44700 

.48200 

.51900 

.54000 

.53300 

.60100 



g 
Table 2.9.1.5 North East Atlantic mackerel. Natural mortality. 

Natural Mortality (per year) 

------+---------------
AGE 1984 1985 
------+-----------------

o 
l 

2 
3 
4 

5 
6 
7 
8 
9 

lO 
11 
12 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

------+-----

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

1986 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

. 150 00 

.15000 

.15000 

.15000 

.15000 

1987 

.lSOOO 

.15000 

.15000 

.15000 

.l'JOOO 

.15000 

.15000 

.15000 

.15000 

. 15000 

.15000 

.15000 

.15000 

1988 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.l!JOOO 

.15000 

.15000 

1989 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

1990 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

. 15000 

1991 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

1992 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

Table 2.9.1.6 North East Atlantic mackerel. Proportion of fish spawning. 

Proportion of fish spawning 
------t------

AGE 1984 1985 
------+-----------------

o 
l 
2 

3 
4 

5 
6 
7 

8 

9 

lO 
11 
12 

.0000 

.1400 

.6500 

. 9100 

.9700 

.9700 

.9900 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

------+-----

.0000 

.1400 

. 6500 

. 9100 

.9700 

.9700 

.9900 
1.0000 
1.0000 
l. 0000 
1.0000 
1.0000 
1.0000 

1986 

.0000 

.1400 

.6500 

. 9100 

.9700 

.9700 

.9900 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1987 

.0000 

.1400 

.6':i0U 

.9100 

.9700 

. 9700 

.9900 
1.0000 
1.0000 
1.0000 
1.0000 
l. o 00 o 
1.0000 

1988 

.oooc 

.1400 

.6500 

.9100 

.9700 

.9700 

.9900 
l. 0000 
l. 0000 
1.0000 
l. 0000 
1.0000 
1.0000 

1989 

.0000 

.1400 

.6500 

.9100 

.9700 

.9700 

.9900 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1990 

.0000 

.1400 

.6500 

. 9100 

.9700 

. 9700 

.9900 
l. 0000 
l. 0000 
1.0000 
l. 0000 
1.0000 
1.0000 
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1991 

.0000 

.1400 

.6500 

. 9100 

.9700 

.9700 

.9900 
l. 0000 
l. 0000 
l. 0000 
l. 0000 
1.0000 
1.0000 

1992 

.0000 

.1400 

.6500 

.9100 

.9700 

.9700 

.9900 
1.0000 
1.0000 
l. 0000 
l. 0000 
1.0000 
l. 0000 

1993 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

1993 

.0000 

.1400 

.6500 

.9100 

.9700 

.9700 

.9900 
1.0000 
l. 0000 
l. 0000 
l. 0000 
l. 0000 
1.0000 

1994 

.15000 

.15000 

.15000 

.150 00 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

1994 

.0000 

.1400 

.6500 

.9100 

.9700 

.9700 

.9900 
1.0000 
1.0000 
l. 0000 
1.0000 
1.0000 
1.0000 

1995 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

1995 

.0000 

.1400 

.6500 

. 9100 

.9700 

.9700 

.9900 
1.0000 
l. 0000 
1.0000 
1.0000 
1.0000 
l. 00 00 

1996 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

1996 

.0000 

.1400 

.6500 

.9100 

.9700 

.9700 

.9900 
1.0000 
1.0000 
l. 0000 
1.0000 
1.0000 
1.0000 

1997 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

1997 

.0000 

.1400 

.6500 

.9100 

.9700 

.9700 

.9900 
l. 0000 
1.0000 
l. 0000 
l. 0000 
l. 0000 
l. 0000 
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Table 2.9.1.7a North East Atlantic mackerel. Diagnostic output. 

Predicted Catch in Number 
------+----------------------------------------
AGE 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
------+------------------------------------------------------------------------------------------------

o 
l 

2 
3 
4 

5 
6 
7 

8 
9 

lO 
11 

19.45 
51. 92 

284.76 
70.68 
87.21 

238.14 
158.07 
105.37 

45.17 
18.42 
32.80 
22.25 

37.80 
60.36 

166.82 
356.53 

76.25 
107.46 
255.17 
164.72 

85.16 
28.66 
16.25 
24.96 

26.97 
105.64 
174.10 
186.52 
342.57 
83.43 

101.72 
233.68 
116.40 

47.31 
22.24 
10.88 

22.91 
70.06 

229.14 
190.54 
196 '8 6 
347.32 

59.53 
62.87 

111.63 
64.50 
31.65 
13.74 

14.77 
96. 38 

159.22 
329.62 
198.10 
171.65 
259.12 
49.38 
46.77 
95.94 
40.82 
22.30 

18.51 
65.13 

229.00 
238.69 
356.16 
179.18 
132.78 
222.66 

38.03 
41. 53 
62.75 
29.75 

25.14 
87.40 

164.96 
363.55 
271.50 
337.75 
145.14 
119.26 
178.98 

35.12 
28.25 
47.65 

------+--------------------------------------------------------
X lQ A 6 

Weighting factors for the catches in number 

40.51 
131.08 
241.97 
282.42 
440.57 
272.06 
288.39 
136.91 
100.37 
171.77 

24.82 
22.37 

24.24 
162.20 
277.60 
314.16 
256.77 
328.44 
171. 92 
201.34 

84.88 
70.89 
88.53 
14.42 

------+-----------------------------------------------------------------------
AGE 1986 1987 1988 1989 1990 1991 1992 1993 1994 
------+-------------------------------------------------------------------------

o 
l 
2 

3 
4 

5 
6 
7 

8 

9 
10 
11 

.0100 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.0100 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

------+-------------

. 0100 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
l. o 00 o 
l. o 00 o 
l. o 00 o 
1.0000 
1.0000 

.0100 
1.0000 
1.0000 
1.0000 
1.0000 
l. 0000 
l. 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.0100 
1.0000 
1.0000 
l. 0000 
l. 0000 
l. 0000 
1.0000 
1.0000 
l. 0000 
1.0000 
1.0000 
l. 0000 

.0100 

.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.0100 
1.0000 
l. 0000 
1.0000 
l. 0000 
1.0000 
l. 0000 
1.0000 
l. 0000 
1.0000 
1.0000 
1.0000 
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.0100 
1.0000 
l. 0000 
l. 0000 
l. <·•!00 
l. 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
l. 0000 

.0100 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

32.21 
95.43 

337.89 
354.77 
281.29 
188.56 
204.45 
118.27 
123.00 

59.10 
36.01 
50.68 

1995 

.0100 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

37.81 
104.15 
164.39 
360.09 
266.62 
174.10 

98.96 
118.95 

61.16 
72.93 
25.49 
17.48 

1996 

.0100 
1.0000 
l. 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
l. 0000 
1.0000 

36.17 
144.45 
213.01 
209.84 
327.46 
201.24 
111.91 

70.56 
75.69 
44.71 
39.05 
15.29 

1997 

.0100 
l. 0000 
l. 0000 
l. 0000 
1.0000 
1.0000 
1.0000 
l. 00 00 
l. 00 00 
l. 00 00 
1.0000 
l. 0000 



a­
N Table 2.9.1.7b North East Atlantic mackerel. Diagnostic output. 

Predicted SSB Index Values 

INDEXl 

------+-----
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 

------+-----------
l l ******* ******* 2696.6 ~****** ******* 2783.5 ******* ******* 2958.2 ******* ******* 2366.3 ******* ******* 2409.3 

------+------------
X 10 ...., 3 

Fitted Selection Pattern 

-------------
-----------------------

AGE l 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

-------------------------------------------------------------------------------------------------------
o l .1777 .1300 .0451 .0451 .0451 . 0292 .0292 -0292 .0292 .0292 .0292 .0292 .0292 .0292 
l l .1091 .2490 .1395 .1395 .1395 .1394 .1394 .1394 .1394 .1394 .1394 .1394 .1394 .1394 
2 l -2637 .1046 -4613 .4613 .4613 .3704 -3704 .3704 .3704 . 3704 .3704 -3704 .3704 .3704 
3 l .8404 .2712 .6162 .6162 .6162 .6521 .6521 .6521 .6521 .6521 .6521 .6521 .6521 .6521 
4 l .8732 -9571 . 7237 . 7 2 Tl - 7237 .8679 .8679 .8679 .8679 .8679 .8679 .8679 .8679 .8679 
5 l 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 l. 0000 1.0000 1.0000 
6 l . 9496 1.1977 1.2510 1.2510 l. 2510 .9978 .9978 - 9978 .9978 .9978 .9978 .9978 . 9978 .9978 
7 l . 4794 1.0819 1.5929 1.59:2.9 1.5929 1.1185 1.1185 1.1185 1.1185 1.1185 1.1185 1.1185 1.1185 1.1185 
8 l . 7261 .6893 l. 6166 1.6166 1.6166 1.1393 1.1393 1.1393 1.13 93 1.1393 1.1393 1.1393 1.13 93 1.13 93 

9 l -7479 .9609 1.2543 1.2543 1.2543 l. 3703 1.3703 1.3703 1.3703 1.3703 1.3703 1.3703 l. 3 7 03 1.3703 

10 l .8008 1.0176 l. 3239 1.3239 1.3239 l. 2248 l. 2248 1.2248 1.2248 l. 2248 l. 2248 l. 2248 1.2248 1.2248 

11 l .9162 1.0047 l. 2 00 o l. 2 o 00 l. 2000 l. 2 00 o 1.2000 1.2000 1.2000 1.2000 1.2000 l. 2000 1.2000 l. 2000 

12 l . 9162 1.0047 1.2000 l. 2000 1.2000 1.2000 1.2000 l. 2000 l. 2000 1.2000 l. 2000 l. 2000 1.2000 1.2000 

-------------------------------------------------------------------------------------------------------------
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Ta ble 2.9.1 .7c North East Atlantic mackerel. Diagnostic output. 

IFAP run code: IOB 

No of years for separable analysis 12 
Age range in the analysis : O 12 
Year range in the analysis : 1984 1997 
Number of indices of SSB : l 
Number of age-structured indices : O 

Parameters to estimate 55 
Number of observations 149 

Two selection vectors to be fitted. 
Selection assumed constant up to and including 1988 
Abrupt change in selection specified. 

PARAMETER ESTIMATES 

3 Parm. 3 3 Maximurn 3 

Mean of ' 
3 No. ' ' Likelh. 3 CV l Lower ' Upper ' -s.e. 
Par am. ' 

' Estimate 3 l% l ' 95% CL 3 95% CL 
Distrib. l 

Separable model ' F by year 

l 1986 .1415 14 .10';7 .1894 .1219 
2 1987 .1675 14 .1271 .2207 .1455 
3 1988 .1787 13 .137 3 .2327 .1562 
4 1989 .1774 11 .1425 .2208 .1587 

5 1990 .1846 11 .1486 .2293 .1652 
6 1991 .2015 10 .1625 .2500 .1806 
7 1992 .2363 11 .1902 .2936 .2115 
8 1993 .3074 11 .2453 .3853 .2740 

9 1994 .3076 12 .2404 .3935 .2712 

10 1995 .3024 14 . 2279 . 4013 .2617 

11 1996 .2432 16 .1746 .3388 .2053 

12 1997 . 2307 19 .1ST/ .3375 .1900 

' 

0:\Ad'm\Wgn.:ps\Wgmhsa\Rcporb\l999\T~291l-I.Doc 

+s.e. 

.1642 

.1928 

.2045 

.1983 

.2062 

.2249 

.2640 

.3450 

.3488 

.3494 

.2880 

.2802 

.1430 

.1691 

.1804 

.1785 

.1857 

.2028 

.2377 

. 3095 

. 3100 

.3056 

.2467 

.2351 



lt Table 2.9.1.7d North East Atlantic mackerel. Diagnostic output. 

Separable Mo del: Selection {Sl) by age 1986 1988 

13 o . 0451 133 .0033 .6171 . 0119 .1714 .1099 
14 l .1395 18 . 0964 . 2019 .1155 .16B4 .1420 
15 2 . 4613 18 .3204 .6641 .3830 .5556 .4694 
16 3 .6162 18 .4286 .8861 .5120 .7417 .6269 
17 4 . 7237 18 .5036 l. 0400 .6014 .8707 .7362 

5 l. o 00 o Fixed : RefeTence Age 
lB 6 1.2510 18 . 8730 l. 7929 1.0412 1.5032 1.2723 
19 7 1.5929 18 1.1139 2.2779 1.3272 1.9118 1.6196 

20 B 1.6166 lB 1.1297 2.3134 l. 3465 1.9410 l. 64 3 9 
21 9 l. 2543 18 . 8795 1.7887 1.0465 1.5032 1.2750 
22 lO 1.3239 17 .9327 1.8793 1.1073 1.5830 l. 3453 

11 1.2000 Fixed Last true age 

Separable Model: Selection {S2) by age from 1989 to 1997 

23 o .0292 81 .0059 .1448 .0129 .0661 .0408 

24 l .1394 12 .10B8 .1786 .1229 .1582 .1405 
25 2 .3704 11 .2933 .4677 .32B8 .4172 .3730 

26 3 .6521 11 .5215 .8154 .5818 . 7308 .6563 
27 4 .8679 11 .6991 1.0776 . 7772 . 9692 .8733 

5 1.0000 Fixed : Reference Age 
2B 6 . 9978 10 . 8136 l. 2237 . 8992 1.1073 l. 0032 
29 7 1.1185 10 . 9184 l. 3622 l. 0115 1.2369 1.1242 
30 8 1.1393 9 .9422 1.3776 l. 03 41 l. 2552 l. 144 7 
31 9 1.3703 9 1.1409 1.6457 1.2480 1.5045 1.3763 
32 lO 1.2248 9 1.0134 1.4803 1.1120 l. 3491 1.2306 

11 1.2000 Fixed : Last true age 
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Table 2.9.1.7e North East Atlantic mackerel. Oiagnostic output. 

Separable rnodel: Populations in year 1997 

33 o 5795059 239 52943 634311351 527991 63604642 102171089 
34 l 4912273 29 2771654 8706146 3668382 6577947 5126200 
35 2 2797806 23 1766773 4430517 2212901 3537310 2875820 
36 3 1614830 20 1078309 2418301 1314151 1984304 1649472 
37 4 1938312 18 1347%4 2787208 1610428 2332954 1971883 
38 5 1048763 17 737512 1491369 876321 12 5513 8 1065821 
39 6 584341 17 411112 830563 488376 699162 593820 
40 7 332971 17 234606 472578 278497 398099 338327 
41 8 351477 17 247230 499681 293724 420585 357185 
42 9 176941 18 123o22 253463 147297 212552 179941 
43 lO 170219 19 116225 249296 140108 206801 173475 
44 11 67827 20 45242 101688 55167 83393 69290 

Separable model: Populations at age 
45 1986 153136 26 90571 258920 117140 200193 158734 
46 1987 147258 21 96591 224502 118751 182607 150706 
47 1988 60506 lB 41732 87724 50060 73131 61602 
48 1989 76991 17 54742 108282 64695 91624 78165 
49 1990 120533 15 88503 164154 102959 141107 122039 
50 1991 148700 14 110859 199459 128009 172736 150379 
51 1992 2 07 097 14 156778 273566 179678 238699 209196 
52 1993 77731 13 59137 102171 67611 89366 78491 
53 1994 50080 14 37583 66732 43257 57979 50620 
54 1995 178514 16 129910 245302 151792 209940 180877 
55 1996 74109 18 51722 106186 61685 89036 75368 

SSB Index catchabilities 

INDEXl 
Absolute estimator. No fitted catchability. 

8i 
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"' Ta ble 2.9.1.7f North East Atlantic mackerel. Diagnostic output. 
"' 

RESIDUALS ABOUT THE MODEL FIT 

-------------

Separable Model Residuals 

------+----------------------------
Age l 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

----+-----------------------------------------------------------------------------------
o l .914 -l. 629 . 715 1.043 .496 -.615 .547 -.739 .045 -.781 .004 -.004 
l l .083 -.406 .323 -.086 .377 -.108 -.045 -.023 -.096 -.157 .140 . 000 
2 l . 370 -.061 -.280 .311 .276 -.075 -.054 -.140 -.226 .009 .027 -.133 
3 l -.640 .623 -.024 .086 .220 -.145 -.020 -.057 -.023 -.042 -. 077 .128 
4 l -.160 -.295 .407 - .161 .049 .053 -. 018 -.101 .041 -.022 .046 .146 
5 l .395 -.187 -.180 .043 -. 091 .051 -. 098 -.108 -.086 -.009 .020 . 204 
6 l .245 -.041 -.197 -.201 -.020 -.028 .073 -.121 . 073 -.033 -. 027 .188 
7 l .150 -.088 -.195 -.079 -. 149 -.118 -.046 .091 -.059 .185 .007 .179 
8 l -.089 .010 .006 -.003 .061 . 295 -.257 -.027 .223 -.081 -. 091 -.129 
9 l -.338 .196 .122 .056 -.116 .044 .377 -.347 .122 .158 -.199 -.125 

lO l -.030 .192 - .116 .018 -. 211 .121 .259 .446 -.429 .164 .012 -.379 
11 l .002 .033 .147 .012 -.296 .000 -.151 .262 .347 -.289 .049 -. 091 

------+------------------------------------------------------------------------------------------------

SPA\ri.WING BIOHASS INDEX RESIDUALS 

INDEXl 

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 
------+-

l ******* ******* -.0878 ******* ******* .0547 ******* ******* .1303 ******* ******* .1825 ******* ******* .0020 
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Table 2.9.1.7g North East Atlantic mackerel. Diagnostic output. 

PARAMETERS OF THE DISTRIBUTION OF ln ( CA'rCHES AT AGE) 

Separable model fitted from 1986 to 1997 

Variance .0556 
Skewness test stat. .7461 
Kurtosis test statistic 2.8891 
Partial chi-square .4370 
Significance in fit .0000 
Degrees of freedom 99 

PARAMETERS OF DISTRIBUTIONS OF 'l'HE SSB lNDlCES 

DISTRIBUTION STATISTICS FOR INDEXl 

Index used as absolute measu:re uf abundance 

Variance 
Skewness test stat. 
Kurtosis test statistic 
Partial chi-square 
Significance in fit 
Number of observations 
Degrees of freedom 
Weight in the analysis 

.0122 
1.0541 
~.4700 

.0041 

.0000 

5 

5 
1.0000 
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"' 00 Table 2.9.1.7h North East Atlantic mackerel. Diagnostic output. 

ANALYSIS OF VARIANCE 

Unweighted Statistics 

Variance 
SSQ Data Parameters d.f. Variance 

Total for model 12.1148 149 55 94 .1289 

Catches at age 12.0538 144 55 89 .1354 

SSB Indices 
INDEXl . 0610 5 o 5 .0122 

Weighted Statistics 

variance 
SSQ Data Parameters d.f. Variance 

Total for model 5.0076 149 55 94 .0533 

Catches at age 4.9466 144 55 89 .0556 

SSB Indices 
INDEXl .0610 5 ~ o 5 .0122 
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Table 2.9.1.8 North East Atlantic mackerel. Fishing mortality at age. 

Fishing Mortality (per year) 

------+---------------------------------------------------------------------
AGE 1984 1985 1986 1987 1988 1989 
------+------------------------------------------·--·-----

o 
l 
2 

3 

4 

5 

6 
7 
8 

9 
lO 
11 
12 

.04412 

.02709 

.06549 

.20866 

.21680 

. 24829 

.23579 

.11903 

.18029 

.18569 

.19882 

.22747 

.22747 

.02597 

.04975 

.02089 

.05417 

.19120 

.19977 

. 23926 

.21614 

.13770 

.19196 

.20330 

.20070 

.20070 

.00638 

.01973 

.06526 

.08718 

.10238 

.14147 

.17698 

. 22 53 5 

.22870 

.17744 

.18730 

.16976 

.16976 

.007S6 

.02336 

.07726 

.10320 

.12119 

.16747 

.20951 

.26676 

.27073 

.21005 

.22172 

. 20096 

.20096 

.00806 

. 02493 

.08245 

.11014 

.12934 

.17873 

. 22360 

.28469 

.28893 

.22417 

.23663 

.21447 

.21447 

.00518 

.02473 

.06570 

.11567 

.15397 

.17739 

.17701 

.19842 

. 20210 

. 2 43 07 

.21727 

.21287 

.21287 

1990 

.00540 

.02574 

.06837 

.12037 

.16022 

.18460 

.18420 

.20648 

.21031 

.25295 

.22610 

.22152 

.22152 

1991 

.00589 

.02810 

.07464 

.13141 

.17492 

.20153 

.20109 

.22542 

.22960 

.27615 

.24684 

.24184 

.24184 

1992 

.00691 

.03294 

.08751 

.15408 

.20509 

.23629 

.23577 

.26429 

.26920 

.32378 

.28941 

.28355 

.28355 

1993 

.00899 

.04286 

.11387 

.20048 

.26685 

. 30745 

. 30678 

.34389 

.35027 

.42128 

. 37657 

.36894 

.36894 

1994 

.00899 

.04288 

.11391 

.20056 

.26696 

. 30757 

.30690 

.34403 

.35041 

.42145 

. 37672 

.36909 

.36909 

1995 

.00884 

.04216 

.11200 

.19719 

.26247 

. 30240 

.30174 

.33824 

.34452 

.41437 

.37039 

.36288 

.36288 

1996 

.00711 

.03391 

.09007 

.15858 

. 21108 

.24320 

.24267 

. 27202 

.27707 

.33324 

.29787 

. 29184 

.29184 

1997 

.00674 

.03217 

.08545 

.15045 

.20025 

. 23 072 

.23022 

.25806 

.26286 

.31614 

.28259 

.27686 

.27686 

------+------------------------------------ ---------------------------------------------------------------------

Table 2.9.1.9 North East Atlantic mackerel. Population numbers at age. 

Population Abundance (l January) 
------+--------
AGE 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

------+------------------------------------------------------------------------------
1998 

o l 7190.8 3410.9 3290.9 5406.9 3616.1 4769.4 2955.9 3392.8 3933.6 4875.7 2916.7 3941.6 5748.0 5795.1 3665.4 
l 
2 
3 
4 
5 
6 
7 

8 
9 

lO 
11 
12 

1289.7 
1466.5 
3907.4 
2143.9 
1232.8 

503.2 
212.4 
404.1 
305.0 
224.2 
159.5 
366.5 

5922.1 
1080.4 
1182.3 
2729.7 
1485.6 

827.8 
342.1 
162.3 
290.5 
218.0 
158.2 
572.8 

2860.5 
4849.8 

910.7 
963. 9 

1940.6 
1047.1 

560.9 
237.2 
121.7 
206.3 
153.1 
542.2 

2814.5 
2414.0 
3910.5 
718.4 
748.9 

1450.0 
755.1 
385.3 
162.5 

87.7 
14·;. 3 

373.3 

4618.7 
2366.5 
1923.2 
3035.8 

547.7 
545.2 

1012.1 
497.7 
253.0 
113. 3 

60.5 
305.9 

3087.4 
3877.5 
1875.7 
1482.7 
2295.9 
394.3 
375.2 
655.3 
320.9 
174. o 

77 .o 
200.6 

4083.8 
2592.5 
3125.2 
1438.1 
1094.1 
1654.9 

284.3 
264.8 
460.8 
216.6 
120.5 
150.8 

2530.5 
3425.7 
2083.9 
238·:.8 

1054.5 
782.9 

1184.8 
199.1 
184.7 
308.0 
148.7 
264.8 

2903.1 
2117.7 
2736.4 
1572.7 
1723.2 

742.0 
551.1 
813. 9 
136.2 
120.6 
207.1 
296.4 

3362.4 
2417.7 
1670.0 
2019.0 
1102.7 
1171.1 

504.5 
364.2 
535.2 

84.8 
77.7 

237.0 

4159.0 
2772.6 
1857.0 
1176.2 
1330.7 

697.9 
741.7 
307.9 
220.8 
302.3 

50.1 
199.9 

2488.0 
3 42 9. 4 
2129.5 
1307.9 

775.2 
842.1 
441. 9 
452.5 
186.6 
124.7 
178.5 
140.0 

3362.7 
2053.0 
2639.0 
1504.9 

865.8 
493.1 
536.0 
271.2 
276.0 
106.2 
74.1 

129.9 

4912.3 
2797.8 
1614.8 
1938.3 
1048.8 

584.3 
333.0 
351.5 
176.9 
170.2 

67.8 
110.8 

4954.3 
4094.2 
2210.9 
1195.8 
1365.6 

716.7 
399.5 
221.4 
232.6 
111. o 
110.4 
116.6 

------+--------------------------------·----------------------------------------------------------------------------------------
X 10 A 6 
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Ta ble 2.9.1.10 North East Atlantic mackerel. Stock summary. 

STOCK SUMMARY 

3 Year 3 Recruits ' Total 3 Spawning 3 Landings 3 Yield 3 Mean F 3 SoP 3 

Age o 1 Biomass 3 Biomass 3 ' /SSB ' Ag es 
thousands 1 tonnes 3 tonnes 3 tonnes 3 ratio 3 4- 8 ' l%) ' 

1984 7190830 3455593 2721491 648084 .2381 .2000 100 
1985 3410870 3627702 2675376 614275 .2296 .1968 100 
1986 3290920 3 59 96 os 2696616 602128 .2233 .1750 103 
1987 5406900 3485670 2678887 654805 .2444 .2071 99 
1988 3616110 3694056 2763900 676288 .2447 . 2211 103 
1989 4769370 3703779 2783471 585921 .2105 .1818 100 
1990 2955920 3520398 2644706 625611 .2366 .1892 99 
1991 3392800 3853973 2970131 667883 . 2249 . 2065 98 
1992 3933640 3894795 2958234 760351 . 2570 . 2421 99 
1993 4875700 3635709 26488TI 825036 . 3115 .3150 100 
1994 2916690 3333918 2348923 822570 . 3502 .3152 100 
1995 3941570 3247501 2366277 756186 .3196 .3099 99 
1996 5747960 2 97 99 84 2202836 563585 .2558 .2492 100 
1997 5795060 3143408 2202088 569543 .2586 .2364 99 
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14:26 Saturday, October 3, 1998 

Table 2.10.1 North East Atlantic mackerel. Multifleet prediction: Input data. 

1998 Northern Southern 

Exploit. Weight Exploi t. Weight Stock Natura l Maturity Prop.of F Prop.of M weight 
Age pattern in catch pattern in catch size mortal i ty og i ve bef .spaw. bef .spaw. in stock 

o 0.0013 0.069 0.0048 0.069 3872.000 0.1500 0.0000 0.4000 0.4000 0.000 
1 0.0248 o. 143 0.0045 o. 143 3299.300 o. 1500 o. 1400 0.4000 0.4000 0.084 
2 0.0773 0.230 0.0037 0.230 2716.700 o. 1500 0.6500 0.4000 0.4000 o. 168 
3 o. 1339 0.314 0.0037 0.314 3012.500 o. 1500 0.9100 0.4000 0.4000 0.250 
4 o. 1727 0.375 0.0083 0.375 1238.600 0.1500 0.9700 0.4000 0.4000 0.314 
5 o. 1964 0.431 0.0085 0.431 1429.300 o. 1500 0.9700 0.4000 0.4000 0.371 
6 o. 1923 0.479 0.0078 0.479 744.500 0.1500 0.9900 0.4000 0.4000 0.429 
7 0.2081 0.513 0.0134 0.513 435.900 o. 1500 1.0000 0.4000 0.4000 0.466 
8 0.2169 0.551 0.0167 0.551 251.400 o. 1500 1.0000 0.4000 0.4000 0.496 
9 0.2589 0.574 0.0220 0.574 313.600 0.1500 1.0000 0.4000 0.4000 0.542 

10 0.2404 0.593 0.0206 0.593 154.500 0.1500 1.0000 0.4000 0.4000 0.541 
1 1 0.2271 0.608 0.0188 0.608 167.100 o. 1500 1.0000 0.4000 0.4000 0.587 
12+ 0.2293 0.659 0.0167 0.659 228.200 0.1500 1.0000 0.4000 0.4000 0.625 

Unit . Ki Lograms . Ki lograms Mill ions . . . . Ki lograms 

1999 Northern Southern 

Exploit. Weight Exploit. Weight Recruit· Natura l Maturity Prop.of F Prop.of M Weight 
Age pattern in catch pattern in catch ment rnortality og i ve bef.spaw. bef .spaw. in stock 

o 0.0013 0.069 0.0048 0.069 3872.000 0.1500 0.0000 0.4000 0.4000 0.000 
1 0.0248 0.143 0.0045 0.143 0.1500 0.1400 0.4000 0.4000 0.084 
2 0.0773 0.230 0.0037 0.230 0.1500 0.6500 0.4000 0.4000 0.168 
3 0.1339 0.314 0.0037 0.314 0.1500 0.9100 0.4000 0.4000 0.250 
4 0.1727 0.375 0.0083 0.375 o. 1500 0.9700 0.4000 0.4000 0.314 
5 0.1964 0.431 0.0085 0.431 0.1500 0.9700 0.4000 0.4000 0.371 
6 0.1923 0.479 0.0078 0.479 0.1500 0.9900 0.4000 0.4000 0.429 
7 0.2081 0.513 0.0134 0.513 0.1500 1.0000 0.4000 0.4000 0.466 
8 0.2169 0.551 0.0167 0.551 0.1500 1.0000 0.4000 0.4000 0.496 
9 0.2589 0.574 0.0220 0.574 0.1500 1.0000 0.4000 0.4000 0.542 

10 0.2404 0.593 0.0206 0.593 0.1500 1.0000 0.4000 0.4000 0.541 
11 0.2271 0.608 0.0188 0.608 0.1500 1.0000 0.4000 0.4000 0.587 
12+ 0.2293 0.659 0.0167 0.659 0.1500 1.0000 0.4000 0.4000 0.625 

Unit . Ki lograms . Ki lograms Milli ans . . . . Ki lograms 

2000 Northern Southern 

Exploit. Weight Exploit. Weight Recruit· Natura l Maturi ty Prop.of F Prop.of M Weight 
Age pattern in catch pattern in catch ment mor tal i ty og i ve bef .spaw. bef. spaw. in stock 

o 0.0013 0.069 0.0048 0.069 0.1500 0.0000 0.4000 0.4000 0.000 
1 0.0248 o. 143 0.0045 0.143 0.1500 0.1400 0.4000 o .4000 0.084 
2 0.0773 0.230 0.0037 0.230 0.1500 0.6500 0.4000 0.4000 o. 168 
3 0.1339 0.314 0.0037 0.314 0.1500 0.9100 0.4000 0.4000 0.250 
4 0.1727 0.375 0.0083 0.375 0.1500 0.9700 0.4000 0.4000 0.314 
5 0.1964 0.431 0.0085 0.431 0.1500 0.9700 0.4000 0.4000 0.371 
6 0.1923 0.479 0.0078 0.479 0.1500 0.9900 0.4000 0.4000 0.429 
7 0.2081 0.513 0.0134 0.513 0.1500 1.0000 0.4000 0.4000 0.466 
8 0.2169 0.551 0.0167 0.551 0.1500 1.0000 0.4000 0.4000 0.496 
9 0.2589 0.574 0.0220 0.574 0.1500 1.0000 0.4000 0.4000 0.542 

10 0.2404 0.593 0.0206 0.593 0.1500 1.0000 0.4000 0.4000 0.541 
11 0.2271 0.608 0.0188 0.608 o. 1500 1.0000 0.4000 0.4000 0.587 
12+ 0.2293 0.659 0.0167 0.659 0.1500 1.0000 0.4000 0.4000 0.625 

Unit . Ki lograms . Ki lograms Mi l l ions . . . . Kilograms 

Notes: Run name SPRELT01 
Date and time: 030CT98:14:28 
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Table 2.10.2a North East Atlantic mackerel. Multifleet prediction summary table. 
Status quo F constraint of 0.22 for each fleet in 1998 and F = 0.15 in 
1999 and 2000. 

Northern Southern 

Year f Reference Catch in Catch in f Reference Catch in 
Factor F numbers weight Factor 

1998 1.0567 0.2085 1524119 588260 1.0567 
1999 o.noo 0.1420 1062449 413636 0.7200 
2000 0.7200 0.1420 0.7200 

Unit . . Thousands Tonnes . 

Notes: Run name SPRELT01 
Date and time 
Computation of ref. F: 

Prediction basis 

030CT98: 17:40 
Northern: Simple rnean, 
Southern: Simple mean, 
F factors 

age 4 
age 4 

F 

0.0116 
0.0079 
0.0079 

. 

8 
8 

numbers 

100724 
71108 

Thousands 

Total 

Catch in Catch in Catch in Stock 
weight nllllbers weight size 

32714 1624844 620974 17863600 
23244 1133557 436880 17744604 

1168267 461862 14223832 

Tonnes Thousands Tonnes Thousands 

Ta ble 2.10.2b North East Atlantic mackerel. Multifleet prediction summary table. 

Year F 
Feet or 

1998 1.0567 
1999 0.8400 
2000 0.8400 

Status quo F constraint of0.22 for each fleet in 1998 and F = 0.175in 
1999 and 2000. 

Northern Southern Total 

Reference Catch in Catch in F Reference Catch in Catch in Catch in Catch in 
F nUTDers weight Factor F numbers weight numers weight 

0.2085 1524119 588260 1.0567 0.0116 1oon4 32714 1624844 620974 
0.1657 1227638 477441 0.8400 0.0092 82328 26835 1309966 504275 
0.1657 0.8400 0.0092 1327171 522650 

Stock 
size 

17863600 
17744604 
14060868 

Unit - . Thousands Tonnes . . Thousands Tonnes Thousands Tonnes Thousands 

Notes: Run name : SPRELT01 
Date and time : 030CT98:17:40 
Computation of ref. F: Northern: Simple mean, age 4 8 

Southern: Simple mean, age 4 8 
Prediction basis : F factors 

14:26 Saturday, October 3, 1998 

1 January Spawning time 

Stock Sp.stock Sp.stock Sp.stock sp.stock 
biomass size biomass size biomass 

3547345 9844750 3050711 8672327 2659564 
3545296 9764558 3060740 8782236 2734261 
3702641 10084879 3211144 9063341 2866187 

Tonnes Thousards Tonnes Thousands Tonnes 

14:26 Saturday, October 3, 1998 

1 January Spawning time 

Stock Sp.stock Sp.stock. Sp. Stock Sp.stock 
biomass size biomass size biomass 

3547345 9844750 3050711 8672327 2659564 
3545296 9764558 3060740 8715376 2710369 
3640632 9931449 3151105 8857962 2788027 

Tonnes Thousands Tomes Thousands Tonnes 
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Table 2.10.2c North East Atlantic mackerel. Multifleet prediction summary table. 
Status quo F constraint of 0.22 for each fleet in 1998 and F = 0.20 in 
1999 and 2000. 

Northern Southern 

Year F Reference 
Factor F 

1998 1.0567 0.2085 
1999 0.9610 0.1896 
2000 0.9610 o. 1896 

Unit . . 

Not es: Run name 
Date and time 
Computation of ref. 

Prediction basis 

Catch in Catch in 
mrnbers weight 

1524119 588260 
1390968 540384 

Thousands Tonnes 

SPRELT01 
030CT98:17:52 

F Reference 
Factor F 

1.0567 0.0116 
0.9610 0.0105 
0.9610 0.0105 

. . 

F Northern: Simple mean, age 4 8 
Southern: Simple mean, age 4 8 

: F factors 

Catch in 
nurrbers 

100724 
93471 

Thousands 

Total 

Catch in Catch in Catch in Stock 
weight nunbers weight size 

32714 1624844 620974 17863600 
30378 1484439 570762 17744604 

1478420 579924 13899777 

Tonnes Thousands Tonnes Thousands 

Table 2.10.2d North East Atlantic mackerel. Multifleet prediction summary ta ble. 

Year F 
Factor 

1998 1.0567 
1999 1.1170 
2000 1.1170 

Unit . 

Status quo F constraint of 0.22 for each fleet in 1998 and F = 0.2325 in 
1999 and 2000. 

Northern Southern Total 

Reference Catch in Catch in F Reference Catch in Catch in Catch in Catch in Stock. 
F mrnbers weight Factor F nLITlbers weight m.mbers weight size 

0.2085 1524119 588260 1.0567 0.0116 100724 3271L; 1624844 620974 17863600 
0.2204 1596864 619525 1.1170 0.0122 107590 34B3o' 1704454 654361 17744604 
0.2204 1.1170 0.0122 1660857 648165 13696761 

. Thousancls Tonnes . . Thousands Tonnes Thousands Tonnes Thousands 

Notes: Run name : SPRELT01 
Date and time : 030CT98:18:10 
Computation of ref. F: Northern: Simple mean, age 4 8 

Southern: Simple mean, age 4 8 
Prediction basis : F factors 

14:26 Saturday, October 3, 1998 

1 January Spawning Hme 

Stock Sp.stock Sp.stoclc Sp.stock Sp.stock 
biomass size bi omass size biomass 

3547345 9844750 3050711 8672327 2659564 
3545296 9764558 3060740 8648547 2686506 
3579480 9779898 3091917 8656816 2711695 

Tonnes Thousands Tonnes Thousands Tonnes 

14:26 Saturday, October 3, 1998 

1 January Spawning time 

Stock Sp.stock Sp.stock Sp.stock. Sp.stock 
biomass size biomass size biomass 

3547345 9844750 3050711 8672327 2659564 
3545296 9764558 3060740 8563250 2656076 
3502622 9589074 3017559 8405988 2616824 

Tonnes Thousands Tonnes Thousands Tonnes 
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Ta ble 2.10.3a North East Atlantic mackerel. Multifleet prediction summary table. 
Catch constraint of 650 kt in 1998 and F = 0.15 in 1999 and 2000. 

Northern Southern 

Year F Reference Catch in Catch in F Reference 
Factor F mnbers weight Factor F 

1998 1.1130 0.2196 1598239 616546 1. 1130 0.0122 
1999 o. 7202 0.1421 1054547 410009 o. 7202 0.0079 
2000 0.7202 0.1421 0.7202 0.0079 

Unit - - Thousands Tonnes - -

Notes: Run name : SPRELT01 
Date and time : 04DCT98:11:19 
Computation of ref. F: Northern: Simple mean, age 4 8 

Southern: Simple mean, age 4 8 
Prediction basis : F factors 

Catch in 
numbers 

105720 
70687 

Thousands 

Total 

Catch in Catch in Catch in 
weight m.mbers wei ght 

34288 1703959 650835 
23038 1125234 433047 

1161429 458498 

Tonnes Thousands Tonnes 

Stock 
size 

17863600 
17671614 
14168710 

Thousands 
-----

Table 2.10.3b North East Atlantic mackerel. Multifleet prediction summary table. 
Catch constraint of 650 kt in 1998 and F = 0.175 in 1999 and 2000. 

Northern Southern 

Year F Reference Catch in Catch in F Reference 
Factor F numbers weight Factor F 

1998 1.1130 0.2196 1598239 616546 1.1130 o. 0122 
1999 0.8404 0.1658 1218746 473345 0.8404 0.0092 
2000 0.8404 0.1658 0.8404 0.0092 

Unit - - Thousands Tonnes - -

Notes: Run name : SPRELT01 
Date and time : 04DCT98:11 :19 
Computation qf ref. F: Northern: Simple mean, age 4 8 

Southern: Simple mean, age 4 8 
Prediction basis F factors 

Catch in 
numbers 

105720 
81859 

Thousands 

Total 

Catch in Catch in Catch in 
weight nurrbers weight 

34288 1703959 650835 
26602 1300605 499947 

1319679 518945 

Tonnes Thousands Tønnes 

StOcl( 
size 

17863600 
17671614 
14006704 

Thousands 

10:22 Sunday, October 4, 1998 

1 January Spawning time 

Stoclr:: Sp.stock sp.stock. Sp.stock Sp.stock 
biomass size biomass size biomass 

3547345 9844750 3050711 8641665 2648682 
3517813 9695916 3034138 8721003 2710616 
3679402 10031127 3188294 9015574 2845933 

Tonnes Thousands Tonnes Thousands Tonnes 
-------

10:22 Sunday, October 4, 1998 

1 January Spawning time 

Stock Sp.stock Sp.stock Sp.stock Sp.stock 
biomass size biomass size biomass 

3547345 9844750 3050711 8641665 2648682 
3517813 9695916 3034138 8654601 2686917 
3617841 9878653 3128699 8811397 2768330 

Tonnes Thousands Tonnes Thousands Tonnes 
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Table 2.10.3c North East Atlantic mackerel. Multifleet prediction summary table. 
Catch constraint of 650 kt in 1998 and F = 0.20 in 1999 and 2000. 

Northern Southern 

Year F Reference Catch in Catch in F Reference 
Factor F .......,.,. weight Factor F 

1998 1.1130 0.2196 1598239 616546 1.1130 0.0122 
1999 0.9606 0.1895 1379769 535315 0.9606 0.0105 
2000 0.9606 0.1895 0.9606 0.0105 

Unit . . Thousands Tonnes . . 

Notes: Run name : SPRELT01 
Date and time : 040CT98:11:19 
Computation of ref. F: Northern: Simple mean, age 4 8 

Southern: Simple mean, age 4 8 
Prediction basis : F factors 

Catch in .......,.,. 
105720 
92862 

Thousands 

Total 

Catch in Catch in Catch in 
weight nunbers weight 

34288 1703959 650835 
30091 1472631 565406 

1469101 575444 

Tonnes Tl'lousands Tonnes 

Stock 
size 

17863600 
17671614 
13847871 

Thousands 

Table 2.10.3d North East Atlantic mackerel. Multifleet prediction summary table. 
Catch constraint of 650 kt in 1998 and F = 0.2325 in 1999 and 2000. 

Northern Southern 

Year F Reference Catcll in Catch in F Reference 
Factor F m.mbers weight Factor F 

1998 1.1130 0.2196 1598239 616546 1.1130 0.0122 
1999 1.1168 0.2203 1584386 613856 1.1168 0.0122 
2000 1.1169 0.2203 1.1168 0.0122 

Unit . . Thousands Tonnes . . 
--

Notes: Run name : SPRELT01 
Date and time : 040CT98:11:19 
Computation of ref. F: Northern: Simple mean, age 4 8 

Southern: Simple mean, age 4 8 
Prediction basis : F factors 

Catcll in 
numbers 

105720 
106917 

Thousands 

Total 

Catch ln Catcll in Catcll in 
weight nUJbers weigllt 

34288 1703959 650835 
34515 1691303 648372 

1650952 643366 

Tonnes Thousands Tonnes 

Stock 
size 

17863600 
17671614 
13646092 

Thousands 

10:22 Sunday, October 4, 1998 

1 January Spawning time 

Stock Sp.stock Sp.stock Sp.stock Sp.stock 
biomass size biomass size biomass 

3547345 9844750 3050711 8641665 2648682 
3517813 9695916 3034138 8588n6 2663442 
3557627 9729279 3070430 8613058 2693162 

Tonnes Thousands Tomes Thousands Tonnes 
- -----

10:22 Sunday, October 4, 1998 

1 January Spawning time 

Stoclc Sp.stock Sp.stoclc Sp.stock Sp.stock 
biomass size biomass size biornass 

3547345 9844750 3050711 8641665 2648682 
3517813 9695916 3034138 8504091 2633269 
3481340 9539686 2996639 8363687 2598964 

Tonnes Thousands Tonnes Thousands Tonnes 



~ Table 2.10.4 North East Atlantic mackerel. Multifleet management option table 
assuming a status quo fishing mortality of 0.22 for each fleet in 1998. 

Year: 1998 

Northern Southern Total 
-

F Reference Catch in F Reference Catch in Catch in 
Factor F weight Factor F weight weight 

1 .0567 0.2085 588260 1.0567 0.0116 32714 620974 

- - Tonnes . - Tonnes Tonnes 

Year: 1999 

Northern Southern Total 

F Reference Catch in F Reference Catch in Catch in 
Factor F weight Factor F wei ght weight 

0.0000 0.0000 o 0.0000 0.0000 o o 
0.1000 0.0197 60767 0.1000 0.0011 3412 64179 
0.2000 0.0395 120426 0.2000 0.0022 6763 127189 
0.3000 0.0592 179000 0.3000 0.0033 10053 189054 
0.4000 0.0789 236510 0.4000 0.0044 13285 249795 
0.5000 0.0986 292978 0.5000 0.0055 16459 309436 
0.6000 0.1184 348423 0.6000 0.0066 19576 367999 
o. 7000 0.1381 402866 0.7000 0.0077 22638 425504 
0.8000 o .1578 456327 0.8000 0.0088 25646 481973 
0.9000 o. 1776 508825 0.9000 0.0098 28601 537426 
1 .0000 0.1973 560379 1.0000 0.0109 31504 591884 
1.1000 0.2170 611009 1.1000 0.0120 34356 645365 
1.2000 0.2367 660731 1.2000 0.0131 37159 697890 
1.3000 0.2565 709564 1.3000 0.0142 39912 749476 
1.4000 0.2762 757526 1.4000 0.0153 42618 800144 
1.5000 0.2959 804633 1.5000 0.0164 45277 849910 
1 .6000 0.3156 850902 1.6000 0.0175 47890 898792 
1. 7000 0.3354 896349 1. 7000 0.0186 50458 946808 
1.8000 0.3551 940992 1.8000 0.0197 52982 993974 
1 .9000 0.3748 984844 1.9000 0.0208 55464 1040308 
2.0000 0.3946 1027923 2.0000 0.0219 57903 1085826 

- - Tonnes - - Tonnes Tonnes 
. -L_ ___ 

Notes: Run name : MANELT01 
Date and time : 040CT98:10:24 
Computation of ref. F: Northern: Simple mean, age 4 8 

Southern: Simple mean, age 4 8 
Basis for 1998 F factors 

Stock Sp.stock 
biornass biomass 

3547345 2659564 

Tonnes Tonnes 

Year: 2000 

Stock Sp.stock Stade Sp.stock 
biomass biomass bi omass biomass 

3545296 2882496 4105105 3391598 
2861397 4045931 3312417 
2840466 3987851 3235338 
2819700 3930843 3160302 
2799098 3874885 308n52 
2778660 3819958 3016130 
2758382 3766039 2946883 
2738266 3713110 2879458 
2718308 3661149 2813804 
2698507 3610139 2749870 
2678863 3560059 2687609 
2659374 3510891 2626974 
2640038 3462618 2567919 
2620855 3415221 2510399 
2601823 3368683 2454373 
2582941 3322986 2399798 
2564208 3278115 2346634 
2545622 3234053 2294841 
2527182 3190784 2244382 
2508887 3148292 2195220 
2490736 3106561 2147318 

Tonnes Tonnes Tonnes Tonnes 

--- - -· ------ -·-·----·--------

10:22 Sunday, October 4, 1998 
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Table 2.10.5 North East Atlantic mackerel. Multifleet management option table 
assuming a catch constraint of 650 kt in 1998. 

Year: 1998 

Northern Southern 

F Reference Catch in F Reference Catch in 
Factor F weight Factor F weight 

1.1130 0.2196 616546 1.1130 0.0122 34288 
------

. . Tonnes - - Tonnes 

Year: 1999 

Northern Southern 

F Reference Catch in F Reference Catch in 
Factor F weight Factor F weight 

0.0000 0.0000 o 0.0000 0.0000 o 
0.1000 0.0197 60215 0.1000 0.0011 3381 
0.2000 0.0395 119333 0.2000 0.0022 6701 
0.3000 0.0592 177378 0.3000 0.0033 9961 
0.4000 0.0789 234369 0.4000 0.0044 13163 
0.5000 0.0986 290327 0.5000 0.0055 16308 
0.6000 0.1184 345274 0.6000 0.0066 19397 
0.7000 0.1381 399229 0.7000 0.0077 22432 
0.8000 0.1578 452211 0.8000 0.0088 25413 
0.9000 0.1776 504241 0.9000 0.0098 28341 
1.0000 0.1973 555336 1.0000 0.0109 31219 
1. 1000 0.2170 605515 1.1000 0.0120 34045 
1.2000 0.2367 654796 1.2000 0.0131 36823 
1.3000 o. 2565 703197 1.3000 0.0142 39552 
1.4000 0.2762 750735 1.4000 0.0153 42234 
1.5000 0.2959 797427 1.5000 0.0164 44870 
1.6000 0.3156 843289 1.6000 0.0175 47460 
1. 7000 0.3354 888338 1.7000 0.0186 50006 
1.8000 0.3551 932590 1.8000 0.0197 52508 
1.9000 0.3748 976060 1.9000 0.0208 54968 
2.0000 0.3946 1018763 2.0000 0.0219 57386 

. - Tonnes . Tonnes 
-

Notes: Run name : MANElT01 
Date and time : 040CT98:10:24 
Computation of ref. F: Northern: Simple mean, age 4 

Southern: Simple mean, age 4 
Basis for 1998 : F factors 

Total 

Catch in 
weight 

650835 
---

Tonnes 

Total 

Catch in 
weight 

8 
8 

o 
63596 

126034 
187339 
247532 
306635 
364671 
421661 
477624 
532582 
586554 
639560 
691619 
742749 
792969 
842297 
890749 
938344 
985098 

1031028 
1076149 

Tonnes 

Stock 
biomass 

3547345 

Tonnes 

Stock 
biomass 

3517813 

Tonnes 

Sp.stock 
biomass 

2648682 

Tonnes 

Year: 2000 

Sp.stock Stock Sp.stock 
biomsss biomass biomass 

2857443 4078387 3366835 
2836551 4019743 3288359 
2815824 3962182 3211965 
2795261 3905683 3137594 
2774860 3850224 3065188 
2754621 3795785 2994693 
2734541 3742344 2926054 
2714621 3689882 2859219 
2694857 3638380 2794137 
2675249 3587818 2730760 
2655796 3538178 2669038 
2636496 3489440 2608926 
2617348 3441588 2550379 
2598351 3394604 2493354 
2579504 3348470 2437806 
2560805 3303170 2383696 
2542253 3258686 2330984 
252'847 3215004 2279630 
25U>586 3172107 2229596 
2487468 3129979 2180847 
2469492 3088605 2133346 

Tonnes Tonnes Tonnes 
-

10:22 Sunday, October 4, 1998 



Table 2.11.1 Mackerel Northeast Atlantic: Input data for the linear sensitivlty analysis. 

Name Value e.v. Name Value e.v. 

Population at age in 1998 Exploitation pattern 

NO 3S72 0.01SS sHO 0.01 0.56 
N1 3299 0.4066 sH1 0.03 2.69 
N2 2716 0.3264 sH2 0.08 0.3S 
N3 3012.5 0.27S9 sH3 0.14 0.3S 
N4 123S.6 0.2591 sH4 0.1S 0.37 
NS 1429.3 0.2529 sHS 0.20 0.00 
N6 744.5 0.2506 sH6 0.20 0.37 
N7 435.9 0.2445 sH7 0.22 0.37 
NS 251.4 0.2464 sHS 0.23 0.37 
N9 313.6 0.2446 sH9 0.2S 0.37 
N10 154.5 0.2609 sH10 0.26 0.37 
N11 167.1 0.2715 sH11 0.25 0.00 
N12 22S.2 0.2715 sH12 0.25 0.00 

eatch weight at age Stock weight at age 

WHO 0.069 0.221S wso o o 
WH1 0.143 0.02S7 WS1 O.OS4 o 
WH2 0.230 0.062S WS2 0.16S 0.1372 
WH3 0.314 0.0415 WS3 0.2503 0.0494 
WH4 0.375 0.0195 WS4 0.3143 0.0406 
WHS 0.431 0.033 wss 0.3713 0.0501 
WH6 0.479 0.02S3 WS6 0.42S7 0.0416 
WH7 0.513 0.0252 WS7 0.4657 0.0277 
WHS 0.551 0.0347 WSB 0.4963 0.0417 
WH9 0.574 0.0155 WS9 0.542 0.085S 
WH10 0.593 0.026 WS10 0.541 0.0621 . 
WH11 0.60S 0.0595 WS11 0.5S7 0.0115 
WH12 0.659 0.0354 WS12 0.6247 0.053S 

Natura! mortality at age Maturity 

MO 0.15 0.1 MTO 0.00 0.0 
Ml 0.15 0.1 MT1 0.14 0.1 
M2 0.15 0.1 MT2 0.65 0.1 
M3 0.15 O.l MT3 0.91 O.l 
M4 0.15 O.l MT4 0.97 O.l 
MS 0.15 O.l MTS 0.97 O.l 
M6 0.15 O.l MT6 0.99 O.l 
M7 0.15 O.l MT? 1.00 0.0 
MS 0.15 O.l MTB 1.00 0.0 
M9 0.15 O.l MT9 1.00 0.0 
Ml O 0.15 O.l MTlO 1.00 0.0 
Ml l 0.15 O.l MTll 1.00 0.0 
M12 0.15 O.l MT12 1.00 0.0 

Effort multiplier in year Natural mortality multiplier in year 

HF199S O.l K199S O.l 
HF1999 O.l K1999 O.l 
HF2000 O.l K2000 O.l 

Recruitment in year 

R1999 3872 0.24 
R2000 3S72 0.24 

78 o\acfm\wgreps\wgmhsa\reports\1999\t-2111.xls 



Table 2.14.1 Western Mackerel: PA excel software add-in outputs (Input ICA_Mac.SEN file, Table 2.11.1). 

Excel sheets ofresults included in the workbook W:\ACFM\WGMHSA\98\MAC_NEAIPA_Mac.XLS: 

RefPts - provides stochastic output in the fonn of a table of reference points and a chart summarising the 
distributions of some reference points. 

Plots - provides 5 plots: 
A stock recruitment p lot with a LOWESS smoother as a possible stock recruitment relationship. Some reference 
points are al so indicated. 
A plot of YPR and SPR curves with some reference points indicated. 
A p lot of historical SSB against Fbar with an equilibrium curve based on the LOWESS stock recruitment 
relationship. 
A p lot of historical yield against Fbar with an equilibrium curve based on the LOWESS stock recruitment 
relationship. 
A p lot of the time series of stock and recruitment with expected recruits based on the LOWESS stock rccruitment 
relationship. 

PD- gives the value of the reference points during each iteration of the simulation and the percentiles plotted on the 
chart on RefPts. 

SV- contains the steady state vectors and stock recruitment series used. These can be used as the basis for further 
runs. 

For estirnation of Gl oss and Floss: 
A LOWESS smoothcr with a span of 0.5 was used. 
Stock recruit dala werc log-transformed 
A point representing the origin was included in the stock recruit data. 

For estimation of the stock recruitment relationship used in cquilibrium calculations: 
A LOWESS smoother with a span of l was used. 
Stock recruit data were un-transformed 
No point representing the origin was included in the stock recruit data. 

Western Mackerel 

Steady state selection averaged over O years. 
Fbar averaged from age 4 to 8 

Num ber of iterations = l 00 

Data source: 
W:\ACFM\WGMHSA\98\MAC_NEA\JCA_MAC.SEN 
W:\ACFM\WGMHSA\98\lv!AC NEAIJCA MAC.SUM 

FishLab DLL used 
FLVB.DLL built on Jun 12 1998 at 15:59:40 

0:\Acfm\ W greps\ Wgmhsa\Reports\ 1999\T -2141. Doc 79 



Table 2.14.2 Reference points calculated for Western mackerel (standard output from PA software). 
Equivalent SSB reference points and rccruitment estimates for the Northeast Atlantic 
mackcrel can be obtained by applying a scaling factor of 1.09 (ratio between NEA and 
western mackercl, see sec. 2.9.1). The MBAL for NEA mackercl is 2,3 million tonnes. 

Reference point Deterministic Median 95th percentile 80tb percentile 

Median Recruits 3405550 3405550 4690860 4045890 

MBAL 2000000 

Bl oss 2063211 

SSB90% R90% Surv 2231356 2361555 2536477 2463141 

SPR% of Virgin 36.39 35.44 43.78 38.68 

Virgin SPR 2.17 2.22 2.96 2.61 

SPRI oss 0.68 0.66 0.98 0.76 

Deterministic Median 5th percentile 20tb percentile 

FBar 0.21 0.20 0.15 0:18 

Fmax 0.56 0.53 0.35 0.41 

FO. l 0.18 0.17 0.12 0.14 

Flow 0.06 0.08 0.00 0.03 

Fm ed 0.23 0.24 0.15 0.19 

Fbigb 0.54 0.51 0.31 0.40 

F35%SPR 0.22 0.21 0.14 0.18 

Floss 0.26 0.27 0.14 0.19 

80 0:\Acfm\W greps\ W gmhsa\Rcpons\ l 999\~ -2142.Doc 



Figure 2.6.1.1 Effort data by fleet and area. 
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Figure 2.6.1.2 CPUE indices by fleet and area. 
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Figure 2.7.1.1 Mackerel commercial catches in Quarter l 1997. 

69 oslo 0809 EO E1 E2 E3E4 E5E6 E7E8 E9FO F1 F2 F3 F4 F5 F~ F7 FS F9G G1G G3. 
68 l 
67 

' 
66 
65 k<>. 
64 

l"' 62 
l ~ ~1 

i~. i ~-l-'-59 

~ l 

/~.·-··~ ' 

! 58 - f#(--l 
i 55 (i? ... ' 
:54 ~" • • •• 
! 53 la> ' 

! 521 
o 

l i • 013 l !- ' : 51 ' !o Ll!C• ·. ·' 
. 50 

! ' o D •. M ~ ~.er l,, . 49 o• 
48 ,RB [J. ·~. ~---._-_.-·.··· 47 OD . l 
46 ' [] i~ .,.,. l 

• i l ~"" _·;./ ". tf3 1 ' 45 
' ::JD • 

44. "ult ~-
;:--~ 

i 
l 1+- i 

43 • , . 
42 El• ',f . -fi l lite • Li> 41 • • . ' 
40 Dft f!J \ '"" ·f,i ·,;, :39 ' D 
38 ·l··~ ) ';i(_ \ 

. .~~ "'"~~ 37 Dir.,_. i 
36 

• l~ 1';! • f 
~ !r'rJ. 35 7.: }-- ' 34 DO •l/ø c: . ___ ·.·· 

3~~ D l (l 
' J 

. ··. 
32; c·o 'fl' ,y ~ ~~ . 

.· 
31' n 
30 Q D l .idol.~ 29 n o··; > 
28 • D:•l l.i •• 
27 CU QDD Cl \ .. 

26 o c 09[" .:.r'-' •,•: 
25 o D • l ! 
24 l il.J; 

'·~ ~V 
~ i 

' 
i l•: ... 

22 
-

l l 

l i l .•. \ l 
21 l !.·.': h 0 L 
-20 

l 
! i i v 19! 

' ' '.'.- i -·l 
•• i •f 18: 

i ' l . 
' l 17[ • 

. _ .... ~~ .. ·-"";; 
161 l l .i l\ l 
15[ 1 ', • - l, ! ,J l 
14i 

' i .:tt . l ' -- i" 131 l ! l . l 

' 
l 

' 12: 

1 "-+--+~-2c;:' ;o: 
9 
8. 

7 
6 
5 
4 
3 
2 
1 

• > 10,000 tonnes 
1!!1 1,000 to 10, 000 tonnes 
[J 100 to 1,000 tonnes 
• < l 00 tonn es 

.·· 

0:\Acfm\W greps\W gmhsa\Reports\1999\F-2711-4.Doc 83 



Figure 2.7.1.2 Mackerel commercial catchcs in Quarter 2 1997. 
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Figure 2.7.1.3 Mackerel commcrcial catches in Quarter 3 1997. 
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Figure 2.7.1.4 Mackerel commercial catches in Quarter 4 1997. 
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Figure 2.7.2.1 Distribution of mackerel recruits. Quarter 4- Age O- 1997 (Catch rates per hour). 
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Figure 2.7.2.2 Distribution of mackerel recruits. Quarter 4- Age l - 1997 (Catch rates per hour). 
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Figure 2.7.2.3 Distribution of mackerel recruits. Quarter l -Age l - 1998 (Catch rates per hour). 
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Figure 2.7.2.4 Distribution of mackerel recruits. Quarter l- Age 2- 1998 (Catch rates per hour). 
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Fig u re 2.8.1 The time series oi!CA estimated recruitments for the NEA mackerel and indices of abundance at age O and 1 from the mackerel trawl surveys 
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Figure 2.8.2 (a,b,c,d) 
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Figure 2.8.3 (a,b,c,d) 
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Figure 2.8.4 
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-s Figure 2.11.1 t.lackerel, All areas. Sensitivity analysis of short term forecast. 

u 
~ 

.20 

.15 

. 10 

.05 

::: . 00 

-~-.05 

linear caefficienta 

l 
HF99 NJ WH4 SH4 Hf98 

input parameter 

Linear coefficients 

' "j 
-.15 

WS5 NJ MT5 WSJ MTJ 
i Rp ut porometer 

l 
K98 N5 WH6 WHJ 

NI WS4 N2 MH 

l 
N2 

l l 
Hf99 

Yield HC 1999 
Ot~er 1JI 

N1 Jl ·· 

N5 41 

SHJ +l 

SH6 51 · ··· 

Nl 61 

Prop. of Varianc• 

··· 291 Hf99 

· .... 151 SH4 

SHIBI-~ 
NJ 111 

SSB 2000 
Prap. of Vorianc1 

Othsr 201·· 

/ l "'-·· .. 2BJ NI 

IH5 21 · · 

SHJ Jl · 

SH1 Jl · ·· · 

SH4 li 

N5 41 ····· '< \ / 171NJ 



Figure 2.13.1 NEA mackerel multifleet yield per recruit 
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Figure 2.14.1 Stock-recruitment plot with a LOWESS smoothcr as a possible stock rccruitment relationship. Some 
reference points are also indicated. 
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Figure 2.14.2 Plot of YPR and SPR curves with some reference points indicatcd for Western mackerel. 
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Figure 2.14.3 Plot of historical SSB against Fbar with an equilibrium curve based on the LOWESS stock recruitment 
relationship for Western mackerel. 
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Figure 2.14.4 Plot of historical yicld against Fbar with an equilibrium curve based on the LOWESS stock recruitment 
relationship for Western mackerel. 
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Figure 2.14.5 Plot of the time series of stock and recruitment with expected recruits based on the LOWESS stock 
recruitment relationship for Western mackerel. 
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Figure 2.14.6 Various Reference points calculated for Western mackcrcl. 

1.2 

5th, 25th, 5oth, 75th and 95th percentiles 

0.8 

IL 0.6 !] 
! 

~-' ~ 0.4 

0,2 !~ 
~ 

~ l ":' l 

o 
Fbar Frrax F0.1 Row Frred Fhigh F35%SPR Ross 

106 0:\Acfm\Wgreps\Wgmhsa\Reports\1999\F-2141-6.Doc 



NEA Mackerel 
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NEA Mackerel: Development of SSB and recruitment in relation to precautionary reference points 
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3 MACKEREL STOCK COMPONENTS: NORTH SEA, WESTERN AND SOUTHERN AREAS 

3.1 North Sea Mackerel 

3.1.1 Biological data 

The Western and Southern mackerel are mixing with the North Sea mackerel during the main fishing season. It is 
impossible to split the catches by the different components in the area where North Sea mackerel is distributed, Sub-area 
IV and Divisions Ila and llla. Catches of North Sea mackerel are included in the data for both North East Atlantic 
mackerel (Section 2) and western mackerel (Section 3.2). Since the SSB in the North Sea is only about 4% of that of 
North-East Atlantic mackerel, the catch of North Sea mackerel is assumed to be low. For multispecies assessment 
purposes this catch has for several years been assumed to be 10,000 t (see Sections 12.1.1-12.1.3). 

3.1.2 Fishery independent information 

3.1.2.1 Egg surveys 

An egg survey of the North Sea was carried out in 1996, the first since 1990. Tcmporal and spatial coverage was poor 
compared with that of 1990, because only thrcc surveys of the spawning area were carried out in 1996. The limited 
coverage resulted in some production areas being missed on the first survey. The SSB was estimated at 84,000 t. Using a 
mean atresia correction of 11.6%, from the western area, increases the estimate of SSB to 110,000 t (ICES 1997/H:4). 

New egg surveys are planned for 1999, tentatively 24 May-28 June, by the Netherlands and Norway. 

3.1.2.2 Trawl surveys 

For the first time in several years rclativcly large quantities of juvenile mackerel were observed in the North Sea and 
Skagerrak during the autumn 1996 (0-group) and in 1997 (1-group). The abundance index of the 1996 year class as 
calculated from the North Sea International Young Fish Survey, first quarter of 1997, was very high (ICES 
1998/Assess:6).This year class was not ohserved in the North Sea during the IBTS survey in the first quarter of 1998, 
but one year old mackerel (1997 year class) was observed during this survey (Figure 2.7.2.4), but not in the same 
quantities a'\ the 1996 year class in the 1997 survey. 

3.1.3 State of the stock 

The estimated SSB from the egg surveys in 1996 was 110,000 t. Based on the egg surveys in 1990 the SSB was 
estimated at 78,000 t. This estimate was not adjusted for atresia and it is similar to the unadjusted estirriatc in 1996 of 
84,000 t. The Working Group therefore still consiJers the North Sea mackcrel to he severely depleted. 

3.1.4 Management measures and considerations 

The North Sea mackerel still nceJs maximum protcction until the spawning stock shows evidence of recovery, while at 
the same time a\lowing fishing on the western and southern mackerel. 

ACFM has for several years recommended the closure of Division IV a for fishing during the tirst half of the year unlil 
the Western Mackerel stock entcrs the North Sea in July-early August. This fish stays there until late December or 
January the following year befare rnigrating back to the spawning areas. The implernented restrictions for fishing in the 
North Sea have particularly during the first quancr resu\ted in large-scale misreporting from the Northern part of the 
North Sea (Division IVa) to Division VIa. To allow a fishery during the first quarter might solve the misreporting 
problem. This would have implications for North Sea mackerel which traditionally have overwintered part! y in this area. 
However, the percentage of North Sea mackerel in this area during this quartcr is unccrtain. 

The Working Group endorses the recommendations made by ACF1vl for several years: 

There should be no fishing for mackerel in Divisions Illa and IVb,c at any time of the year; 

There should be no fishing for mackerel in Division IV a during the period l January-31 July; 

The 30 cm minimum landing sizc at present in force in Sub-area IV should be maintained. 
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The closure of the mackerel fishery in Divisions IVb,c and Illa the whole year will protect the North Sea stock in this 
area and the juvenile Western fish which are numerous particularly in Division JVb,c during the second half of the year. 
This closure has unfortunately resulted in increased discards of mackerel in the non-directed fisheries in this area as 
vessels at present are permitted to take only 10% of their catch as by-catch mackerel. No data on the actual size of 
mackerel by-catch have been available for the Working Group concerning 1997 but the reported landings of mackerel in 
Divisions Illa and IVb,c for 1997 might be seriously under-estimated due to discarded by-catch. 

3.2 Western Mackerel 

3.2.1.1 Catch numbers at age 

The 1997 catches in numbers at age by quarter for Western mackerel (Areas Il, Ill, IV, V, VI, VII and Divisions VIlla 
and VIIIb) are shown in Table 3.2.1.1. 

The age structure of the catches of Western mackerel is predominantly l-6 year old fish. The 1993 year class (4 year old 
fish) dominated the catches. Fish belonging to the 1996 year dass were dominant in the catchcs in Q3 Division VIa. In 
other areas the catches were dominated by young fish; in !Vb, !Ve and Vllh catches were dominatcd by l year old fish; 
in Vlld, and Vlle,f catchcs were dominated by 2 year olds; and Vllg catches were dominated by and 2 and 3 year old 
fish. 

Age distributions of catches were providcd by Denmark, England, Ireland, Netherlands, Norway, Russia, Scotland and 
Spain. There are still major gaps in the overall sampling for age from countries which take substantial catches, notably 
Faroes, France, Germany and Sweden (combined catch of 52,156 t). In addition there were no aged sarnples to cover the 
entire catch from VHa, Vllg, Vllk and Va (total catch 528 t). As in 1997, catches for which thcre were no sampling data 
were convcrted into numbers at age using data from the most appropriate tleets. This is obviously undesirable where the 
only aged samples available are from a different type of gear. 

Sampling data are further discussed in Section 1.4.1. 

3.2.1.2 Mean lengths at age and rnean weights at age 

Mean lengths 

The mean lcngths at age per quarter for 1997 for Western mackerel are shown in Table 3.2.1.2. Thcsc data continuc the 
long time series and are useful in investigating changes in rclation to stock size (D. Skagen. WD). 

Mean weights 

The mean weights at age in the catches per quarter for 1997 for Western mackerel are shown in Table 3.2.1.3. The mean 
weights at age in the stock at spawning time for Western mackerel are given in Table 2.4.3.3. Thcse data are based on 
samples from Dutch freezer trawlers (VIlh) and the Irish fleet (Vllb, VIIj), fishing on the spawning grounds during the 
period March to May 1997. 

3.2.1.3 Maturity ogive 

The assumptions about maturiry made by the Working Group in previous years were retained, including the rcduccd 
maturity at age 2 of the 1984 year class agreed in 1997 (ICES 1998/Asscss;6). Maturity at age is now assumed constant 
for each year of the assessment. The values are given in the text tahle below: 

7 8+ 

100 100 

An estimation of the rnaturity ogive in 1998 will be obtained as part of the egg surve y of the western area. In this context 
samples wcre taken over areas of predominantly juvenile distribution as well as on the spawning grounds The total 
number of samples taken is not yet available, but it scems likcly that it will fall short of the ten targeted by the Planning 
Group (see Scction l.5.2). The samples will be analysed by histological examination to provide a more reliable estimate 
of the numbers of fish which will actually spawn in that year. 
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3.2.2 Fishery independent information 

3.2.2.1 Egg su.veys 

Information on the historie time series of egg surveys which cover the area of the Western stock are given in Section 
2.5.2. The scaling used to relate NE Atlantic egg survey estimates to the Western area is 0.85. 

3.2.2.2 Trawl surveys 

Bottom trawl surveys which provide information on Western stock juvenile mackerel include: Scottish surveys to the 
north and west of the British Isles in quarters l and 3, an English survey in the western approaches in quarter l and an 
Irish survey on the west coast oflreland in quarter4. Distribution of relevant data is given in Section 2.7.2. The index of 
recruitment deri ved from these surveys was not used in the assessment; reasons for this are given in Section 2.5.4. A 
Generalised Additive Model (GAM) was used to try and improve the performance of the recruitment index; details of 
this are given in Section 2.7 .2. Data from these surveys continue to be the on ly source of information on the dlstribution 
of juvenile mackerel. 

3.2.3 State of the stock 

An assessment on Western mackerel was not carricd out this year due to the reasons given in Section 2.9.1. Somc data 
ex.ploration with and without the preliminary 1998 egg survey estimate of biomasS is presented in Section 2.9.1. 

3.3 Southern Mackerel 

3.3.1 Biological data 

The catch in numbers, mean lengths and mcan weights at age for Divisions VIII t: and IX a are discussed in Section 2.4 
(Tables 2.4.1, 2.4.2 and 2.4.3- NEA mackerel). 

Tables 3.3.1.1 and 3.3.1.2 show the total catch in numhcrs and mean weights at age for Southern mackerel (Divisions 
Vlllc and !Xa) for 1984-1997 _ 

Mean weights at age in the stock 

The mean wcights at age in the stock for the southern mackerel are based on samplcs obtaincd from the commercial 
catches duringQuancr l and Quarter 4 as a mean over 1991 to 1995 (table below): 

Stock Weights at Age (kg) for Southern Mackerel 

Age in Years 

2 3 4 5 6 7 9 10 Il 12 13 14 15+ 

.161 .248 .305 .354 .385 .427 .455 .493 .511 .545 .548 .617 .622 656 .716 

Maturity ogive 

The assumption made about Southern mackerel rnaturity ogive is the same as in previous years (ICES 1997/Assess:3) 
(sec text table below): 

.45 

110 

2 

.89 

3 

.95 

4 

1\tlaturity ogive of mackere) from southern area 

Age 

5 6 7 8 9 10 li 12 13 14 15+ 
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3.3.2 Fishery independent information and CPUE indices of stock size 

3.3.2.1 Egg surveys 

Data from mackerel egg surveys carried out in the Spanish and Portuguese waters during l 998 are at present not 
available. They will be presented to the MackereUHorse Maekerel Egg Survey Working Group. 

3.3.2.2 Demersal trawl surveys 

Table 3.3.2.2.1 shows the numbers at age per halfhour trawl from the Spanish bottom trawl surveys from 1984 to 1997 
in September-October and the numbers at age per hour trawl (* 1000) from Portuguese bottom trawl autumn surveys 
from 1986 to 1997. 

The two sets of autumn surveys eovered Sub-divisions VIlle East. VIlle West and !Xa North (Spain) from 20-500 m 
depth and Sub-divisions !Xa Central North, Central South and South (Portugal), from 20-750 m depth. The same 
sampling methodology is used in both surveys but there are differences in the gear design. 

3.3.3 Effort and catch per unit effort 

This information is now given in Section 2.6.1. 
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Table 3.2.1.1 Catch numbers at age (OOO's) by quarter for Western mackerel in 1997. 

Ag es 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

15+ 

SOP 
Catch 
SOP% 

ll2 

Quarter 1 Quarter 2 Quarter 3 Quarter4 
o o 6,425 1,761 

4,574 1,424 45,901 68,732 
19,234 3,345 49,778 88,988 
46,842 12,953 77,035 95,834 
142,029 34,886 115,770 60,441 
97,418 24,632 71,478 35,978 
54,688 13,519 38,827 21,343 
34,307 11,370 22,128 9,930 
27,783 8,835 19,589 4,543 
16,610 6,650 8,136 3,328 
11,338 2,378 6,638 3,622 
6,838 1,698 2,272 1,545 
3,632 1,507 5,198 2,306 
2,656 716 647 374 
1,883 588 229 121 
1,966 394 516 147 

178,270 45,116 183,382 125,498 
178,334 45,107 180,776 124,617 
100% 100% 99% 99% 

All Quarters 
8,186 

120,631 
161,345 
232,664 
353,126 
229,506 
128,376 
77,735 
60,750 
34,725 
23,976 
12,352 
12,643 
4,392 
2,821 
3,022 

532,285 
528,834 

99% 
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Table 3.2.1.2 Mean length (cm) at age for Western Mackerel in 1997. 

Ages Quarter 1 Quarter 2 Quarter 3 Quarter 4 All Quarters 
o 0.0 0.0 21.6 23.0 21.9 
1 25.1 23.2 26.9 27.6 27.2 
2 29.2 29.0 30.4 31.7 31.0 
3 32.0 32.3 32.8 32.9 32.7 
4 34.7 34.4 34.9 35.2 34.8 
5 36.3 36.5 36.2 36.8 36.4 
6 37.2 37.4 37.2 37.3 37.2 
7 38.6 39.3 37.9 38.0 38.4 
8 39.5 39.4 39.0 38.5 39.3 
9 40.3 40.6 39.5 40.3 40.2 
10 40.7 41.2 39.7 40.2 40.4 
11 41.4 41.5 40.8 40.2 41.2 
12 41.8 41.1 41.3 41.7 41.5 
13 41.2 41.8 41.7 40.4 41.3 
14 41.6 43.6 43.0 42.0 42.2 

15+ 42.3 44.0 43.1 43.6 42.7 
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Table 3.2.1.3 Mean weight (kg) at age in the catch for Western mackerel in 1997. 

Ages Quarter 1 Quarter 2 Quarter 3 Quarter 4 All Quarters 
o 0.000 0.000 0.073 0.086 0.076 
1 0.120 0.092 0.147 0.156 0.150 
2 0.180 0.177 0.241 0.246 0.235 
3 0.244 0.249 0.327 0.300 0.295 
4 0.324 0.298 0.413 0.386 0.361 
5 0.387 0.354 0.463 0.455 0.418 
6 0.417 0.394 0.521 0.474 0.455 
7 0.468 0.458 0.522 0.481 0.484 
8 0.516 0.467 0.574 0.536 0.529 
9 0.548 0.515 0.603 0.595 0.559 
10 0.566 0.521 0.621 0.607 0.583 
11 0.594 0.559 0.641 0.593 0.598 
12 0.626 0.511 0.688 0.668 0.646 
13 0.598 0.551 0.669 0.586 0.600 
14 0.626 0.606 0.744 0.708 0.635 

15+ 0.655 0.650 0.776 0.697 0.677 
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Table 3. 3 . l. l Catch numbers at age for the Southern Mackerel (Numbers * lOA-3). 

AGE/YEAR 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

o 287887 81221 30419 4927 54829 40961 18896 5118 41728 6234 24899 11027 30858 28269 

l 15285 30856 27323 16783 46960 21433 31935 11339 8634 13484 2876 7436 29026 27597 

2 3788 3046 13324 8040 43 4 7 5880 7518 9842 5372 7549 7650 5870 10551 22949 

3 8599 1934 4862 10580 6652 4360 2662 11552 8889 2477 7949 9249 10077 7954 

4 4679 10506 5402 4660 9719 4159 2876 12671 5482 10810 7920 67 57 15307 26407 

5 6475 3333 13251 9464 3220 6010 4683 6813 7813 4435 13126 5069 6300 17135 

6 1643 2050 3727 7019 5588 2767 6615 4136 3430 8242 9425 7255 5041 6300 

7 931 722 377 1707 12975 4106 1929 5609 2060 4352 6608 6907 9652 6807 

8 1583 524 1522 1818 5610 5532 4718 1337 2908 2106 2899 6944 6187 5918 

9 1540 1024 638 1082 1824 1581 5468 1405 868 2260 2735 3759 6172 4890 

lO 608 941 525 1626 543 819 1532 2899 1053 1424 1393 2611 2811 2780 

11 732 775 198 917 291 334 697 523 1186 917 957 2226 2179 1609 

12 348 52 8 3224 4 83 7 64 291 596 56 428 542 623 1243 93 9 1314 

13 500 364 1714 461 716 292 58 111 195 643 275 644 208 347 

14 360 313 o 115 12 5 85 137 79 14 279 336 642 251 184 

15+ 4 558 3237 241 940 346 145 361 68 1183 148 623 295 251 

TOTAL 334962 138694 109745 69921 155105 98956 90465 73851 90128 66937 89819 78261 135853 160711 

CATCH (t) 20308 18111 24789 22187 24773 18321 21312 20781 18046 19719 25045 27549 34121 38845 
-

V. 
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Table 3 . 3 . 1. 2 Catch weights at age (kg) for the Southern Mackerel 

AGE/YEAR 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

o 0.031 0.055 0.063 0.089 0.055 o. 042 o. 092 0.075 0.051 0.077 0.046 o .071 0.059 0.076 

l 0.059 0.092 0.122 0.183 0.081 0.100 0.118 0.160 0.190 o .116 0.167 0.160 o .117 o .111 

2 0.228 0.189 0.249 0.251 0.218 0.197 0.207 0.208 0.265 0.200 0.205 0.246 0.175 0.176 

3 0.248 0.299 0.289 o .291 0.251 0.267 0.256 0.242 0.279 0.307 0.262 0.303 o .272 0.274 

4 0.303 0.339 0.390 0.398 0.286 o. 3 57 0.310 0.294 0.325 0.326 o. 352 0.370 0.326 0.319 

5 0.344 0.408 0.401 0.442 o. 326 0.392 0.365 0.333 0.366 0.360 0.379 0.409 0.410 0.366 

6 o. 378 0.484 0.404 0.474 o. 342 0.472 0.401 0.400 0.404 0.401 0.422 0.443 0.450 0.416 

7 0.392 0.502 o. 567 0.560 0.388 0.499 0.475 0.439 0.435 0.443 0.457 0.478 0.466 0.449 

8 0.457 0.593 0.512 0.602 0.395 0.511 0.494 0.485 0.463 0.469 0.498 0.507 0.493 o. 472 

9 0.451 0.596 0.417 0.638 0.406 0.544 0.525 0.508 0.480 0.499 0.525 0.530 0.510 0.509 

10 0.441 0.609 0.567 0.624 0.480 0.545 0.507 0.521 0.537 o. 491 0.536 0.556 0.545 0.529 

11 0.465 0.607 0.649 0.652 0.494 0.591 0.565 0.517 0.544 0.518 0.579 0.560 0.546 0.544 

12 0.345 0.646 0.528 0.449 0.492 0.565 0.540 0.746 0.595 0.597 0.626 0.619 0.561 0.583 

13 0.406 0.636 0.526 0.519 0.543 0.626 o. 729 0.674 0.523 0.590 0.629 0.657 0.656 0.596 

14 0.504 0.679 0.000 0.663 0.549 0.579 0.553 0.667 O. 718 0.578 0.625 0.616 0.626 0.644 

15+ 0.708 0.667 o. 679 0.769 0.567 o. 73 5 o. 724 o. 720 0.708 0.744 0.722 0.675 0.663 0.664 

0-15+ 0.060 0.153 0.286 0.329 0.161 0.186 0.231 0.281 0.200 0.294 0.280 0.352 0.251 0.253 
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Table 3.3.2.2.1 SOUTHERN MACKERBL. CPTJE at age from surveys. 

Year 

1984 
1985 
1986 
1987 
1988 
1989 
1990 

1991 
1992 
1993 
1994 
1995 

1996 
1997 

Year 

1986 

1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

1996• 

1997 

October Spain survey, Bottom trawl survey (Catch: numbers) 

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch 
Effort age O age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10+ 

l 

l 

l 

l 

l 

l 

l 
l 

l 

l 

l 

l 
l 

1.467 o .200 

2.653 1.598 
0.026 0.174 

0.106 0.371 
0.016 0.055 
0.140 0.022 

0.149 0.209 0.039 0.013 0.029 0.018 0.065 
0.370 0.138 0.085 0.030 0.017 0.029 0.084 
0.026 0.060 0.025 0.002 0.000 0.004 0.029 

0.286 0.028 
0.510 0.000 
0.400 0.940 
0.130 0.270 

19.900 0.480 

0.071 1.256 
0.468 0.106 

0.027 

0.020 
0.040 

0.220 
0.160 
0.789 
0.122 

0.014 
0.000 
0.000 
0.270 
0.150 

0.026 
0.145 

0.021 
0.040 
0.010 
0.340 

0.090 

0.063 
0.043 

0.916 0.031 0.187 0.164 0.049 
46.092 6.396 1.316 0.074 0.101 
5.725 27.105 6.283 0.67 0.389 

0.005 
0.020 
0.020 
0.070 
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4 HORSE MACKEREL 

4.1 Fisheries in 1997 

The total international catches of horse mackerel in the North East Atlantic are shown in Table 4.1.1 and Figure 4.3.1. 
The total catch from all areas in 1997 was 519,000 t which is 60,000 t more than in 1996 and the second highest on 
record. Ireland, Denmark and the Netherlands have a directed trawl fishery and Norway a directed purse seine fishery 
for horse mackerel. Spain and Portugal have a directed trawl and purse seine fishery. 

The quarterly catches of horse mackerel by Division and Sub-division in 1997 are given in Table 4.1.2. The distribution 
of the fisheries in 1997 are given in Figure 4.l.l.a-d. The figures are based on data provided by Denmark, England and 
Wales, Germany. Ireland, the Netherlands, Norway, Portugal and Spain covering 80% of the total catches. 

First quarter: 176,500 t. This is 13,000 t more than 1996. The catches this quarter (Figure 4.l.l.a) are distributed in 
the western and southern areas as in previous years, while hardly any catches were taken in the Scotland:-Shetland area 
this year. 

Second quarter: 76,000 t. This is 18,000 t more than in. 1996. As usual, rathcr low catches were taken during the 
second quartcr and the catches are distributed as in prcvious ycars (Figure4.1.l.b). 

Third quarter: 86,000 l. This is the same catch leve! as in 1996, and the catches were distributed as in previous years 
(Figure 4.l.l.c). 

Fourth quarter: 180,500 t. This is the quarter when relatively large catches have been taken in Division IV a since 
1987. The catches in lhis quarler were reduced from 260,000 l in 1995 to 153,000 t in 1996. This was particularly due to 
a drop in the fishery in Division IV a. In 1997 the fishery increased in this Division by a bo ut 30,000 t (see Section 6.13). 
The catches werc distrihuted as in previous years (Figure 4.1.1 .d). 

4.2 Stock Units 

The last 9 ycars the W or king Gro up has considered the horse mackerel in the north east Atlantic as separat ed into three 
management stocks: the North Sea, The Southcrn and the Western stocks (ICES 1990/Asscss:24, JCES 1991/Assess:22). 
Since little information from research surveys is available, this separation is based on the observed egg distributions and 
the temporal and spatia! distribution of the fishery. Western horse mackerel are thought to have similar migration 
patterns as Western mackereL As for rnackerel, the egg surveys have demonstrated that it is difficult to determine a 
realistic border between a western and southern spawning area. In later years same horse mackerel ha've been tagged in 
Portuguese and Spanish waters, but so far no tags have heen recovered. 

4.3 Allocation of Catches to Stocks 

There is no information availablc about when and where the catches reported from Division Illa wcrc laken. Usually 
most of these catches have bccn taken in the western part of the Division in third and fourth quarter which is c loser to 

the catch distributions in Division IV a than in Divisions IVb,c both spatially and temporally. 

In 1997,2.617 t were reported as landed from Division Ula and thcsc catches were assumed taken from the western·part 
of the Division during the thirJ and fourth quarter and therehy allocatcd to the western stock. During the. fourth quarter 
the Norwegian fishery extendeJ from Division IV a into the northcrn part of Division IVh whcrc l ,426 t were taken. 
These catches werc also allocated to the western stock. Except for these catches, the catches in 1997 werc· as in prcvious 
years allocaLcd to the different stocks as: 

Western stock: Divisions Ila, Illa (western part), Vb, !Va, Via, Vlla-c,e-k and VIIIa,b,d,e. 

North Sea stoek: Divisions Illa (eastern part), !Vb,c and V Ild. 

Southern stock: Divisions VIlle and !Xa 

The catches by stock are given in Table 4.3.1 and Figure 4.3.1. Only one country provides data for discards. Therefore 
the amount of discards given in Table 4.3.1 are not representative for the total fishery. 

At present there is only seta TAC for the western stock. However, this TAC only applies to EU waters. The present 
management area for this stock is therefore Divisions VIa, VIIa-c,e-k and VIIJa,b,d,e and western part of Division IV a, 
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which do not cover the total distribution area. Jf TACs are set by stocks, they should apply to all areas where the 
different stocks are distributed: 

Western stock: Divisions Ila, Illa (western part), Vb, !Va, VIa, Vlla-c,e-k and Vllla,b,d,e. 

North Sea stock: Divisions llla (eastern part), !Vb,c and Vlld. 

Sonthern stock: Divisions VIIIc and !Xa. 

4.4 Estimates of Discards 

At present only one country . the Netherlands . is providing information on discards but this information is not applied 
to any other fleets. 

Information on discarding by the Dutch fleet is obtained from part ( 15-20%) of the pe1agic fleet which is regarded to be 
representative for all areas and months where the pelagic fleet is operating (see also Section 1.7 on flcel description). 
Estimates on discards are not made by independent observers of the fishery activities, but the crew collects information 
during each trip per hau! concerning date, position, trawl duration, catch composition by species. This estimation of the 
catch of each haul is done at the time the catch is taken on board (befare any discarding takes place). If a catch is lost by 
torn nets, it is also reported. The information on spccies composition of the catch is addcd later. Finally the information 
on discards is obtained by comparing catch and actual reported landings. This discard information by species is then 
applied to only the who1e Dutch pe1agic fleet by month and by ICES Division, but not to the international f!eet. This 
report contains a number of tables in which catches and discards are reported on an annua! basis, but not on a quarterly 
basis (however, the basic discard data are available by month and by ICES Division). General information on discards in 
the pelagic fleets is provided in Section 1.4.3. 

4.5 Species Mixing 

Trachurus sp. 

Three species of Trachurus genus, T. trachurus, T. mediterraneus and T. picturatus are found together in the north east 
Atlantic waters and are commercially cxploited in parts of the Sub-area VIII and Division IXa. Studies on genetic 
differentiation showed three clear groups corresponding to cach species of Trachurus with no intermcdiate principal 
component scores, excluding the possibility of hybrids betwccn species (Soriano, M. and Sanjuan, WD 1997). 

Following the Working Group recommendation (ICES 1998/ Assess:6 ), spee i al c are was again taken to en sure that catch 
and length distributions and numbcrs at age of T. trachurus supplied to the Working Group did not include T. 
mediterraneus and T. picturatus. Spain provided data on T. m.editerraneus and Portugal on T. picturatus. 

Tablc 4.5.1 shows the catch of T mediterraneus by Sub-divisions sincc 1989. In Divisions VIIIa.b and Suh-Jivision 
VIlle East, the total catch of T. mediterraneus was 3,822 t in 1997. In Sub-Jivision VIlle West and Division IXa North 
there are no catches of this species. 

As in previous years in hoth areas, more than 959'c of the catches were obtained by purse seincrs and the main catches 
were raken in the second half of the year. mainly in autumn, when the T. trachums catches wcrc lowest. T. 
mediterranects catches were lowest in spring. 

Catches and length distributions of T. mediterraneus in the Spanish fishery in Divisions VIIIa,b and c were reportcd 
separate! y from the catches and length distributions of T. trachurus. Data of monthly landings by gear and area were 
obtained from fishing vessel owner's associations and fishermen's associations through the cxisting information network 
of the IEO and AZTI (Advisory Organisations to Fisheries and Oceanography Administration) in all ports of the 
Cantabrian and Galician poets. T. mediterraneus is only landed in ports of the Basque country, Cantabria and Asturias. 
In ports of the Basque country the catches of T. mediterraneus and T. trachurus appear separately, except some small 
categories, in which the separation is made on the basis of samplings carried out in ports and information reported by 
fishermen. In the parts of Cantabria and Asturias the separation of the catch of the two species is not registered in all the 
ports, for which reason the total separation of the catch is made based on the monthly percentages of the ports in which 
these catches are separated and based on samplings made in the ports of this area. 

A fishery for T. picturatus only occurred in the southern part of Division IXa, as in prcvious years. Data on T. picturatus 
in the Portuguesc fishcry for the period 1986-1997 are a1so given in Table 4_ 5. L Catchcs and length distributions of T. 
trachurus for the Portuguese fishery in Division IXa do not include data for T. picturatus. Landings data are collected 
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from the auction market system and sent to the General Dlrectorate for Fisheries to be compiled. This includes 
information on landings per spccics by day and vesseL 

As information is available on the amounts and distribution of catches of T. mediterraneus and T. pictunit~s for at Ieast 
ni ne years (ICES 1990/Assess:24, ICES 1991/Assess:22, ICES 1992/Asscss: 17, ICES 1993/Assess: 19, ICES 
1995/Assess:2, ICES 1996/Assess:7, ICES 1997/Assess:3, and ICES J998/Assess:6), and as the evaluations and 
assessments are only made forT. trachurus, the Working Group recommcnds that the TACs and any other management 
regulations which might be established in the future should be related only to T. trachurus and not to T. trachurus spp. 
in general, as is the case at present. It would then be appropriate to sct TACs for the other species as well. 

4.6 Length Distribution by Fleet and by Country 

The 1997 annuallength composition by fleet wcrc provided by the Denmark, Netherlands, Norway, Portugal and Spain. 
These length distributions cover 75% of the totallandings and are shown in Tab le 4.6.1. 
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Table 4.1.1 Landings (t) of HORSE MACKEREL by Sub-area. Data as submined by 
Working Group members. 

Sub-area 1979 1980 1981 1982 1983 1984 

Il 2 + 412 23 
IV+ IIIa 1,412 2,151 7,245 2,788 4,420 25,987 
VI 7,791 8,724 11,134 6,283 24,881 31,716 
VII 43,525 45,697 34,749 33,478 40,526 42,952 
VIII 47,155 37,495 40,073 22,683 28,223 25,629 
IX 37,619 36,903 35,873 39,726 48,733 23,178 

Total 137,504 130,970 129,074 104,958 147,195 149,485 

Sub-area 1985 1986 1987 1988 1989 1990 

Il 79 214 3,311 6,818 4,809 11,414 
IV+ Illa 24,238 20,746 20,895 62,892 112,047 145,062 
VI 33,025 20,455 35,157 45,842 34,870 20,904 
VII 39,034 77,628 100,734 90,253 138,890 192,196 
VIII 27,740 43,405 37,703 34,177 38,686 46,302 
IX 20,237 31,159 24,540 29,763 29,231 24,023 

Total 144,353 193,607 222,340 269,745 358,533 439,901 

Sub-area 1991 1992 1993 1994 1995 1996 19971 

Il+ Vb 4,487 13,457 3,168 759 13,133 3,366 2,617 

IV+ Illa 77,994 113,141 140,383 112,580 98,745 27,782 81,198 
VI 34,455 40,921 53,822 69,616 83,595 81,259 40,145 

VII 201,326 188,135 221,120 200,256 330,705 279,109 326,415 

VIII 49,426 54,186 53,753 35,500 28,709 48,269 40,806 

IX 21,778 26,713 31,944 28,442 25,147 20,400 27,642 

Total 389,466 436,553 504,190 447,153 580,034 460,185 518,882 

'Preliminary. 
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Ta ble 4.1.2 Quarterly catches of HORSE MACKEREL by Division and Sub-division in 1997. 

Division lQ 2Q 3Q 4Q TOTAL 

Ila+Vb o o 678 1939 2617 

Ill a o o 205 1832 2037 

IV a 364 1274 2454 59555 63647 

IVbc 73 3 5377 10061 15514 

Vlld 29 12 21 5390 5452 

VIa 14184 2452 13577 9932 40145 

Vlla....:,e--k 145906 53182 43102 78832 321022 

Vllla,b,d,e 4796 2845 2237 1799 11677 

VIlle 5019 8955 8743 6412 29129 

IXa 6068 7548 9329 4697 27642 

Sum 176439 76271 85723 180449 518882 
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Table 4.3.1 Landings and discanls of HORSE MACKEREL (t) by year and division, for the Nonh Sea, Western and Sourhern horse mackerel. 
(Data submined by Working Gro up members.) 

Year North Sea horse mackerel Western horse mackerel Southern horse mackerel 

llla IVb,c Discards V Ild Total Ila 

1982 - 2,7883 - 1,247 4,035 -

1983 - 4,420' - 3,600 8,020 412 

1984 - 25,8933 - 3,585 29,478 23 

1985 1,138 22,897 2.715 26,750 79 

1986 396 19,496 4,756 24,648 214 

1987 436 9,477 1,721 11,634 3,311 

1988 2,261 18,290 3,120 23,671 6,818 

1989 913 25,830 6,522 33,265 4,809 

1990 14,8721 17,437 1,325 18,762 11,414 

1991 2,725 1 11,400 600 12,000 4,487 

1992 2,374 1 13,955 400 688 15,043 13,457 

1993 8501 3,895 930 8,792 13,617 3,168 

1994 2,492 1 2,496 630 2,503 5,689 759 

1995 240 7,948 30 8,666 16,756 13,133 

1996 1,657 7,558 212 9,416 18,843 3,366 

1997 2,037' 15,5045 10 5,452 19,540 2,617 

1Norwegian and Danish catches are included in the Western horse mackerel. 
2Norwegian catches in Division IVb included in rhe Western horse mackerel. 
3Divisions Illa and IVb,c combined. 
41ncluded in Western horse mackerel (Danish and Swedish catches). 
5Norwegian catches in IVb (1,426 t) included in Western horse mackerel. 

!Va VIa Vlla-c,e-k Vllla,b,d,e Discards 

- 6,283 32,231 3,073 -

- 24,881 36,926 2,643 -

94 31,716 38,782 2,510 500 

203 33,025 35,296 4,448 7,500 

776 20,343 72,761 3,071 8,500 

11,185 35,197 99,942 7,605 -
42,174 45,842 81,978 7,548 3,740 

85,3042 34,870 131,218 11,516 1,150 

112,7532 20,794 182,580 21,120 9,930 

63,8692 34,415 196,926 25,693 5,440 

101,752 40,881 180,937 29,329 1.820 

134,908 53,782 204,318 27,519 8,600 

106,911 69,546 194,188 11.044 3,935 

90,527 83,486 320,102 1,175 2,046 

18,356 81,259 252,823 23,978 16,870 

63,647 40,145 318,101 11,677 2,921 
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Total Vlllc IX a Total 

41,587 19,610 39,726 59,336 

64,862 25,580 48,733 74,313 

73,625 23,119 23,178 46,297 

80,551 23,292 20,237 43,529 

105,665 40,334 31,159 71,493 

157,240 30,098 24,540 54,638 

188,100 26,629 29,763 56,392 

268,867 27,170 29,231 56,401 

373,463 25,182 24,023 49,205 

333,555 23,733 21,778 45,511 

370,550 24,243 26,713 50,955 

433,145 25,483 31,945 57,428 

388,875 24,147 28,442 52,589 

510,597 27,534 25,147 52,681 

396,652 24,290 20,400 44,690 

442,571 29,129 27,642 56,771 

Total 

All stocks 

104,958 

147,195 

149,400 

150,830 

201,806 

223,512 

268,163 

358,533 

441,430 

391,066 

436,548 

504,190 

447,153 

580,034 

460,185 

518,882 
···--
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Table 4.5.1 

T. mediterraneus 

T. picturatus 

(-)Not available 

Catches (t) of Trachurus mediterraneus in Divisions VIIIab, VIlle and IXa in the pcriod 1989-1997 and Trachurus picturatus 

in Division !X a, Sub-area X and in CECAF Division 34. LI in the period 1986-1997. 

Divisions Sub·Divisions 1986 1987 1988 1989 1990 1991 1992 1993 

VIIIab - . . 23 298 2122 1123 649 

VIlle East - - - 3903 2943 5020 4804 5576 

VIlle VIlle west - - - o o o o o 
Total - - - 3903 2943 5020 4804 5576 

!XaNorth - - - o o o o o 
IXa !XaC, N & S - - - o o o o o 

Total - - - o o o o o 
!X a 367 181 2370 2394 2012 1700 1035 1028 

X 3331 3020 3079 2866 2510 1274 1255 1732 

Azorean Area 

34.l.l 2006 1533 1687 1564 1863 1161 792 530 

Madeira's area 
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1994 1995 1996 1997 

1573 2271 1175 557 

3344 4585 3443 3264 

o o o o 
3344 4585 3443 3264 

o o o o 
o o o o 
o o o o 

1045 728 1009 834 

1778 1822 1715 1920 

297 206 393 762 



Table 4.6.1 Length distributions (%) of HORSE MACKEREL catches by fleet and country in 1997. 

Den mark Netherlands Norway Soain l Portuoal lreland 

Pel.trawl P.seine P.sene Dem.trawl Gill net Hook Artisan trawl P.sene PeLtrawl 
cm 

t---5 0.01 . 

f---6 0.66 
~- -- --. 

7 0.93 . ... 

8 1.88 0.01 0.43 
9 2.24 0.04 1.35 

10 2.68 0.55 2.37 0.01 
f-· 

0.01 
11 1.43 4.42 0.98 0.09 0.61 0.37 .. ·-
12 1.43 8.51 1.08 0.70 4.66 3.52 --- .. 

13 0.54 5.79 2.39 3.39 11.20 24.93 
14 0.17 3.79 4.28 3.65 14.30 21.40 
15 0.02 3,~ 6.77 1.04 15.52 6.64 
16 0.04 5.53 7.37 1.22 15.03 9.58 
17 1.51 0.06 6.49 4.77 2.09 11.58 12.07 
18 8.96 0.64 9.44 2.78 0.00 3.56 9.52 12.18 
19 17.71 0.70 7.22 1.08 0.00 2.95 6.46 3.73 
20 12.50 0.78 6.23 1.06 0.00 1.65 2.86 0.65 
21 11.90 5.21 0.05 3.81 0.66 1.69 1.22 0.70 0.95 0.20 
22 7.57 11.52 2.91 0.53 1.69 3.66 1.22 1.27 1.17 0.15 
23 5.98 12.99 3.27 0.94 1.69 2.44 4.08 1.77 1.57 0.97 ------
24 4.60 13.06 3.76 1.94 -~ _ _±.88 7.04 1.34 1.16 7.37 
25 3.52 9.58 0.05 3.98 3.77 3.39 8.54 8.34 0.92 0.40 17.60 
26 3.44 6.18 0.22 3.36 6.26 6.78 7.32 10.60 0.55 0.13 18.40 
27 5.06 7.07 1.93 3.44 8.49 10.17 10.98 10.25 0.42 0.10 12.39 
28 1.06 6.85 4.62 3.24 7.61 10.17 9.76 7.73 0.31 ~!>5 11.55 
29 3.09 6.36 10.11 3.19 6.79 10.17 9.76 5.04 0.17 0.05 10.12 ---- -- ----- --
30 0.37 6.79 13.58 2.16 5.55 8.47 7.32 4.60 0.12 6.84 
31 0.13 4.48 15.61 1.84 4.99 6.78 _]_()_._98 2.87 0.07 0.05 4.17 ----
32 0.13 1.97 15.83 1.09 4.42 6.78 3.66 2.78 0.04 0.03 2.95 .. 
33 0.07 1.90 _ _12.76 0.72 3.30 5.08 4.88 0.04 3.46 2.61 
34 0.18 1.55 12.04 0.51 2.13 5.08 3.66 2.43 0.05 2.14 . 
35 1.23 7.75 0.29 1.78 3.39 3.66 2.35 0.07 0.84 
36 0.13 0.66 3.63 0.18 1.04 3.39 4.88 1.91 0.04 0.65 
37 0.36 1.21 0.13 1.23 3.39 1.22 1.48 0.04 0.28 

38 0.04 0.50 0.07 0.84 3.39 1.22 0.87 0.02 0.09 

39 0.02 0.11 0.10 0.70 3.39 0.00 0.70 0.02 
40 0.06 0.00 0.08 0.35 1.69 0.00 0.78 0.01 0.01 
41 0.04 1.69 0.00 0.61 0.00 

42+ 0.05 0.00 0.70 0.00 
Sum 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

! ' 1-·--- ! ------ ·----
0.00=<0.005% i l l ! 
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Figure 4.1.1.a Distribution of horse mackerel catches Quarter l 1997. 

• > 10,000 tonnes 
11111 1,000 to 10, 000 tonnes 
:::J 100 to 1,000 tonnes 
• < l 00 tonn es 
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Figure 4.1.l.b Distribution of hors~ mackerel catches Q,u~er 2 1997. 

• > l 0,000 tonnes 
• 1,000 to lO, 000 tonnes 
D l 00 to 1,000 tonn es 
• < 100 tonnes 
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Figure 4.l.l.c Distribution of horse mackcrel catchcs Quarter 3 1997. 

• > 10,000 tonnes 
11 1,000 to 10, 000 tonnes 
cJ 100 to 1,000 tonnes 
• < 100 tonnes 
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Figure 4.1.1.d Distribution of horse mackerel catches Quarter 4 1997. 
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5 NORTH SEA HORSE MACKEREL (DIVISIONS Ula- EXCEPT WESTERN PART OF SKAGERRAK 
IVb,c AND VIId) 

5.1 ACFM Advice Applicable to 1997 and 1998 

As usual, no TAC advice was given. The agreed TAC has been fixed at 60,000 t since 1993 and the catches have varicd 
between 6,500 t and 19,500 t in the same period. In May 1998 ICES recommended that consistent with a precautionary 
approach a management plan including monitoring of the development of the stock and fishery with corresponding 
intervention rules should be developed and implemented. 

5.2 The Fishery 

The total catch raken from the North Sea and Division Illa dropped from a leve! of l 00,000 t-140,000 t during the 
pcriod 1992-1995 to 28,000 t in 1996 and increased to about 80,000 t in 1997. 

Usually catches laken in Divisions IIIa- except western part of Skagerrak- !Vb,c and Vlld are regarded as belonging to 
the North Sea horse mackerel stock (see Sections 4.2 and 4.3). Table 4.3.1 shows the catches of this stock from 1982-
1997. The total catch raken from this stock in 1997 was 19,500 t which is the same leve! as the previous two years. In 
previous years most of the catches from the North Sea stock were taken as a by-catch in the small mesh industrial 
fisheries in the fourth quarter carried out mainly in Divisions !Vb and VI!d. However, since 1995 at !east 70% of the 
catch has been taken in a directed horse mackerel fishery for human consumption. 

5.3 Fishery Independent Information, Egg Surveys 

Horse mackerel egg surveys in the North Sea were carried out from 1988 to 1991 and the spawning stock biomass 
estimated were respectively 120, 217, 255 and 247 thousand tonnes (Eltink, 1992). The 1988 estimate was regarded as 
an underestimate. No egg surveys have been carried out since 1991. 

5.4 Biological Data 

5.4.1 Catch in numbers at age 

Catch in numbers at age data were calculated according to Dutch data (Tables 5.4.1 l and 5.4.1.2). In 1997 the Dutch 
catches comprised 57% of the total. For the earlier years age compositions were presented based on samples taken from 
smaller Dutch commercial catches and rcsearch vessel catches. These are available for the period 1987-1995. In the 
car lier years the Dutch samples covered only a small proportion of the total catch, but gi ve a rough indication of the age 
composition of the stock (Figure 5.4.1.1 ). 

The strength of the 1982 year dass in the central and southern North Sea does not seem as strong as in the western area 
(Figures 5.4.1.1 and 6.4.1.1 ). The 1987 year class is relatively stronger in the western stock than in the North Sea. In the 
1997 catches the 1994 year c Iasses are relativcly abundant both in the western catches and in the North Sea catchcs. 

5.4.2 Mean length at age and mean weight at age 

Mean length at age and mean weight at age in the catches hased on the Dutch data are given in Tables 5.4.1.1 and 
5.4.1.2. 

5.4.3 Maturity at age 

No data have been made available for this Working Group. 

5.4.4 Natura! mortality 

There is no information available about natura! mortality. 

5.5 State of the stock 

It was not possible to do an analytical assessment Estimatcs of total age t:ompositions are available only for the years 
95, 96 and 97 based on mainly Dutch samples. Estimatcs of age t:ompositions before 1995 are considered unreliable, 
that is, not representative for the entire fishery, and should not be used for analytical asscssment. 
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The egg surveys carried out in 1989, 1990 and 1991 resulted in an average spawning stock biomass of 240,000 tover 
this period (Eitink, 1992). As the estimated stock biomass is large compared to the annua! landings (4,000 t-33,000 t 
with an average of 18,000 t during the period 1982-1997), the stock may be lightly exploited. 

If an assessment for this stock is required improved catch sampling and independent estimates of SSB are necessary. 

5.6 Reference Points for Management Purpose 

Reference points can not be defined for this stock, as estimates of recruitment and biomass are not available. 

5.7 Harves! Control Rules 

No harvest control rules were considered since no assessment was carried out. 

5.8 Management Measures and Considerations 

No forecast was made for 1999. The data were insufficient to define a management plan for this stock. 

The Working Group recommends that if a TAC is sel for this stock, it should apply to those areas where North Sea horse 
mackerel are fished, i.e. Divisions IVb,c, Vlld, and eastern part of Division Illa. 
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Tab le 5.4. 1.1 Catch in numbers ('000), mean length (cm) and rnean weight {g) at age of 

NORTH SEA HORSE MACKEREL by quarter and by Oivision{s) in 1997. 

1997 llla IVb,c Vlld All areas 1997 Ill a IVb,c Vlld Alt areas 1997 l lia IVb,c 
t>ta 1'sta 1'st a '"a 1'st a 1'st0 1'sta 1'51 a 1'51 a l'st a .,. catch('OOO atct\('000 Oa1oh('OOQ """('000) Age ength(cm ·ngth(crr 1ngtll(c tengttl(cm Ago lweight(g ~ ... h1(g 

o o o o o o 0.0 0.0 0.0 0.0 o o o 
1 o o o o 1 0.0 0.0 0.0 0.0 1 o o 
2 o 47 54 101 2 0.0 22.5 22.0 22.2 2 o 119 
3 o 100 78 171 3 0.0 23-4 23.4 23.4 3 o 128 
4 o 76 32 108 4 0.0 24.5 24.7 24.6 4 o 146 
5 o 41 15 56 5 0.0 25.5 256 25.5 5 o 166 
6 o 59 14 " 6 0.0 26.7 265 26.7 6 o 160 
7 o 41 7 46 7 0.0 27.2 27.1 27.2 7 o 186 

' o 29 ' 37 ' 0.0 28.5 28.2 28.4 ' o 230 
9 o 29 3 32 9 0.0 28.9 291 28.9 9 o 230 
10 o o 1 1 10 0.0 0.0 28.5 28.5 10 o o 
11 o o o o 11 0.0 0.0 0.0 0.0 11 o o 
12 o ' 1 7 12 0.0 31.5 32.0 31.6 12 o "" 13 o o 1 1 13 0.0 0.0 30.5 30.5 13 o o 
14 o o o o 14 0.0 0.0 0.0 0.0 14 o o 

15• o o o o 15• 00 00 00 0.0 15• o o 
Total o 428 212 64ll 0-15+ 0.0 25.4 24.1 24.9 0-15+ o 163 

Tonnes o 73 29 102 

lUa IVb.c Vlld All areas ma IVb.c V1. All areas llla IV'D,c 
2'nd a 2'nd a 2'ndQ 2'nd a 2'ndQ 2'nd a 2'miQ 2'ndQ 2'nd0 2'nd0 

Ago catcti('OOO catcti('OOO "'""LOOO """'_LOOO - h length_(cm ''" ~1ahtla •eialllfa 

o o o o o o 00 0.0 0.0 0.0 o o o 
1 o o o o 1 0.0 0.0 0.0 0.0 1 o o 
2 o 6 22 2B 2 0.0 22.0 22.0 22.0 2 o 108 
3 o 8 32 40 3 0.0 23.4 23.4 23.4 3 o 126 
4 o 3 13 17 4 0.0 24.7 24.7 24.7 4 o 145 
5 o 2 6 8 5 00 25.6 25.6 25.6 5 o 162 
6 o 1 6 7 6 00 26.5 26.5 26.5 6 o 176 
7 o 1 3 3 7 0.0 27.1 27.1 27.1 7 o 186 

' o 1 3 4 8 00 2B.2 28.2 28.2 8 o 211 
9 o o 1 2 9 0.0 29.1 29.1 29.1 9 o 218 
10 o o o o 10 0.0 28.5 28.5 28.5 10 o 204 
11 o o o o 11 00 0.0 0.0 00 11 o o 
12 o o 1 1 12 00 32.0 32.0 320 12 o 291 

13 o o o o 13 00 30.5 30.5 30.5 13 o 240 
14 o o o o 14 0.0 0.0 0.0 0.0 14 o o 

15• o o o o 15• 0.0 0.0 0.0 0.0 15• o o 
Total o 22 BB 110 0-15+ 0.0 24.1 24.1 24.1 Q-15+ o 138 

Tonnes o 3 12 15 

Jlla IVb,c Vlld All areas tlla IV'D,c V lid All areas Ill a IVb,c 

3'rda 3'rda J'ro a 3"rd a 3'rd a J'rdQ 3'rd a 3'rd a J'rdQ J'rd a ... catch('OOO calcti('OOO ~lch('OOO """'('000) A9• " h (' mglh 1~ length(cm) .,. ~ghl(g eigtlt ( 

o o o o o o 0.0 0.0 0.0 0.0 o o o 
1 o o o o 1 00 0.0 0.0 00 1 o o 
2 o 6,666 15 6,680 2 00 22.2 22.7 22.2 2 o 111 
3 o 10,761 24 10.785 3 0.0 23.4 23.8 23.4 3 o 127 
4 o 5.787 16 5,803 4 00 24.6 25.1 246 4 o 146 

5 o 2.869 15 2.885 5 0.0 25.6 25.7 25.6 5 o 164 
6 o 3.448 12 3,4<ll 6 0.0 26.6 26.6 26.6 6 o 179 
7 o 2.160 16 2,176 7 0.0 27.2 27.6 27.2 7 o 186 
8 o 1,788 9 1,796 8 0.0 28.4 27.8 28.4 8 o 223 
9 o 1,391 12 1.403 9 0.0 28.9 205 280 9 o 228 
10 o 57 1 58 10 00 28.5 29.0 28.5 10 o 204 
11 o o 3 3 11 00 00 30.2 30.2 11 o o 
12 o 335 o 335 12 0.0 31.7 0.0 31.7 12 o 300 

13 o 57 1 57 13 0.0 30.5 29.5 30.5 13 o 240 
14 o o o o 14 0.0 0.0 0.0 0.0 14 o o 
15• o 443 4 445 15• 0.0 31.0 33.7 31.0 15• o 282 

To! al o 35,760 12B 35,887 Q-15+ 0.0 24.7 26.2 24.7 Q-15+ o 151 
Tonnes o 5,377 21 5,398 

Ill a IVb,c V lid All areas llla IVb.c VUd All areas llla IVb,c 

'"'a '"'a '"'a 4'tl>a ''"a '"'a '"'a 4'1ha 41h a 4'1ha 

""' catch("OOO catch('OOO k::atch('OOO catch('OOO) ... """hl~ Mgth(~ •-(æ lengtll(cm) Age eigtlt{ eighl{ 

o o o o o o 0.0 0.0 0.0 00 o o o 
1 o o o o 1 0.0 0.0 0.0 00 1 o o 
2 o 2.012 3.740 5.753 2 0.0 23.5 22.7 23.0 2 o 129 
3 o 10,064 6,172 16.235 3 0.0 24.1 23.8 24.0 3 o 138 

4 o 4.026 4.114 8,140 4 0.0 25.5 25.1 25.3 4 o 162 

5 o 8.051 3,927 11.979 5 00 25.5 25.7 25.6 5 o 153 

6 o 8,051 2.992 11.044 6 00 26.5 26.6 26.5 6 o 169 
7 o 6,038 4.114 10.152 7 0.0 27.2 27.6 27.4 7 o 187 

8 o 6.038 2.244 8.262 8 0.0 27.8 27.8 27.8 8 o 194 
g o 4.026 3.179 7.205 9 00 29.5 29.5 29.5 9 o 238 

10 o 2.012 374 2,386 to 00 31.5 29.0 31.1 10 o 245 
11 o o 748 748 11 00 00 30.2 302 11 o o 
12 o o o o 12 0.0 0.0 0.0 0.0 12 o o 
13 o o 1B7 1B7 13 0.0 0.0 29.5 29.5 13 o o 

" o o o o 14 0.0 0.0 0.0 0.0 14 o o 
15• o o 035 035 15• 0.0 0.0 33.7 33.7 15• o o 

Total o 50.319 32,729 83,047 0-15+ 0.0 26.3 26.2 26.3 0-15+ o 172 

Tonnes o 8,635 5,390 14.025 
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V lid 
All ar~~~ 

1'st0 t'st a 
eigtll( WEiight( 

o o 
o o 

108 113 
126 127 
145 147 
162 1&5 
176 179 
186 186 
211 226 
218 229 
204 204 

o o 
291 303 

240 240 
o o 
o o 

138 155 

V lid 
All a~?_) 2'nd a 2'nda 

ei!j-Jt(a' weiatllfa 

o o 
o o 

108 108 
126 126 
145 145 
162 162 
176 176 
186 186 
211 211 
218 218 

204 204 
o o 

291 291 
240 240 

o o 
o o 

138 138 

V lid Alla;~, 3'rd a J'rdQ 
looighl( waight( 

o o 
o o 

100 111 
120 127 
143 146 
156 164 
169 179 
185 186 
190 223 
224 228 
221 204 
247 247 

o 300 
132 239 

o o 
354 283 
164 151 

Vlld All area~~ 
4'tl>a '"'a 
eigtlt( lwøigh1( ) 

o o 
o o 

109 116 
120 131 
143 152 
156 154 
169 169 
185 186 
190 193 
224 232 

221 241 
247 247 

o o 
132 132 

o o 
354 354 

164 169 
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Table 5.4.1.2 Catch in numbers. mean length and mean weight in catch for North Sea horse mackerel 1997 

Catch in Mean Mean 
numbers length (cm) weight (kg) 

Age (mil Iions) in catch in catch 
o 0.000 
1 0.000 
2 12.562 22.5 0.113 
3 27.238 23.7 0.129 
4 14.068 25.0 0.150 
5 14.927 25.6 0.156 
6 14.583 26.6 0.171 
7 12.380 27.3 0.186 
8 10.119 27.9 0.198 
9 8.642 29.4 0.231 
10 2.445 31.0 0.240 
11 0.751 30.2 0.247 
12 0.343 31.7 0.300 
13 0.245 29.7 0.157 
14 0.000 

15+ 1.382 32.8 0.331 
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The age composition of the NORTH SEA HORSE MACKEREL based 
on commercial and research vessel samples from 1987-1997. 
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6 WESTERN HORSE MACKEREL (DIVISIONS Ila, Illa (WESTERN PART), !Va, Vb, VIa, Vlla--<:, 
Vlle-k, AND Vllla,b,d,e 

6.1 ACFM Advice Applicable to 1997 and 1998 

Both for 1997 and 1998 ICES recommended a substantial reduction of fishing mortality, at !east to 0.15 corresponding 
to a catch of 173,000 t, and 150,000 t in 1997 and 1998 respectively. This was aimed at maintaining the SSB above that 
which produced the 1982 year class. The TAC should apply to all areas where western horse mackerel are fished. The 
totallandings of this stock in 1997 were 442,000 t which was 269,000 t more than recommended. 

6.2 The Fishery in 1997 

The fishery for the western horse mackerel is carried out in Divisions Ila, IIIa (western part) !Va, VIa, Vlla-c,e-k and 
VIIIa,b,d,e. The national catches laken by the countries fishing these areas are shown in Tables 6.2.1-6.2.5, whilc 
information on the development of the fisheries by quarter and division is shown in Table 4.1.2 and in Figures 4.1.1 a--<1. 

Divisions Ila and Vb 

The national catches in this area are shown in Tablc 6.2.1. The catches in this area have varied from year to year. The 
catches dropped from the record high catch of 14,000 t in 1995 to about 3,400 t in 1996 and 2,600 t in 1997. 

Sub-area IV and Division Illa (western part) 

The total catches in this area have been abovc or close to 100,000 t during the period 1989 to 1995 (Table 6.2.2). In 
1996 the catches dropped by about 75%, mainly because of considerable reduction in the Norwegian purse seine catches 
in Division lYa. Mainly due to increased Dutch and Norwegian catches in 1997 the total catch was 79,000 t. 

Sub-area VI 

The catches in this area have increased from 21 ,000 t in 1990 to a historical high leve! of 84,000 t in 1995 and 81,000 t 
in 1996 (Table 6.2.3). The catches in 1997 were reduced by 50% to 40,000 t. The main part of the catches is laken in a 
directed Irish trawl fishery for horse mackerel. 

Sub-area VII 

The catches from this area are mainly taken in directed Dutch and Irish trawl tishcries in Divisions VIIb,e,h,j (Table 
6.2.4). The catches increased to a historical high levcl in 1995 of 330,000 t. After a reduction in the catches in 1996 of 
about 50,000 t the catches in 1997 were back at the high 1995 lcvcl. 

Sub-area VIII 

The catches from this area are mainly taken in Divisions VIIIa,b,d,e and given in Table 6.2.5. Historical high catches of 
more than 53,000 t were taken in 1992 and 1993. In 1995 the catches declined to 21,000 t and incrcascd to 41,000 t in 
1997. 

6.3 Fishery Independent Information from Egg Surveys 

The historie time series of stage l egg production and SSB cstimates, for the western area from 1977 to 1985, was 
updated at the Working Group in 1997 (Table 2.2.1 in ICES l998/Assess:6). No further changes have been made to that 
data set. 

At the planning meeting in Lisbon for the 1998 mackerel and horse mackerel egg surveys of the western and southern 
areas, the Working Group agreed that preliminary results of the 1998 egg surveys would not be availablc in time for 
either the current Assessment Working Group or for the Octoher mccting of ACFM. Although some egg survey results 
might be availablc by the end of September, work on the analysis of the samplcs for fecundity, atresia and maturity at 
age will not be completed until carly in 1999. As a consequence only an incomplcte set of egg survey results, are 
available from the 1998 egg survey (sec Scction 1.5.2) These data have not been subjcctcd to a rigorous check and must 
therefore be regarded as only preliminary. 

The following information, on egg distribution was available: 
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In the first sampling period in the western area, period 3, the major concentration of spawning was along the shelf edge 
from southern Biscay to the Great Sole Bank with some diffuse spawning to the north of that area over the Celtic Sea 
and to the west of Ire land. The boundaries of the distribution were fairly :.well defined in this period. 

By the next sampling period spawning intensity had increased rapidly and was strongly associated with the shelf edge 
from southern Biscay to south-west of Ireland. The boundaries of the distribution were well defined except at the 
southem limit of the western area where concentrations of over l 00 stage l eggs per m2 were found. 

Spawning had declined by the next period, period 5, with sporadic conccntrations along the shelf edge from northern 
Biscay to west of Ireland with virtually no spawning north of 53°N. The results of sampling from central Biscay 
southwards were not available. 

Spawning increased again in the final sampling period, period 6, to reach a seasonal peak, 50% above the production in 
period 4. Spawning was strongly concentrated in the area between 48°N and 54°N. and spread eastwards, from the shelf 
edge, into the Celtic Sea. The boundaries of this distribution were very well defined. A small, isolated, production of 
stage l eggs was also located in central Biscay but analysis of the samples in this area is not complete. 

The preliminary estimate of stage l horse mackerel egg production, from the samples analysed to date, is approximately 
20% lower than the production measured in 1995. 

6.4 Biological data 

6.4.1 Catch in numbers 

As in previous years only two countries provided s.ample data with age readings, the Netherlands (Divisions VIa, Sub­
areas IV, VII and VIII) and Norway (Division Ila, !Va). This mcans !hat about 43% of the catches were sampled for age 
determinations. Catches from other countries were converted to numbers at age using the Dutch and Norwegian data. 

The catch in numbers at age by quaners and Divisions for western horse mackerel is shown in Table 6.4.1.1. The total 
annual catch in numbers for 1997 is shown in Table 6.4. 1.2. The sampling intensity is discussed in Section 1.3. The 
1982 year dass has untillast year (Figure 6.4.1.1) been the most numerous in the catches from the western stock. This 
age group is now part of the pl us group which is 8% of the total catch in numbers. 

6.4.2 Mean length at age and mean weight at age 

Mean length at age and mean length at age in the catches 

Mean weights and mean lengths at age in the catches by quarters in 1997 were as usually provided only by Netherlands 
and Norway. These data were applied to the catches from other countries. The mean weight and mean length at age in 
the catches are shown in Tables 6.4.1.2, 6.4.2.1, and 6.4.2.2. 

Mean weight at age in the stock 

As for previous years the mean weight at age for the two years old was given a constant weight white the weight for the 
older ages is based on all mature fish sampled from Dutch freezer trawlers the first and second quarter in Divisions 
Vllj,k (Table 6.4.1.2). 

Projected weights at age in catches and in the stock 1998-2007 

Projected weights at age in the catches and weights at age in the stock are needed for the forecasts. The mean weights at 
age in the catch and in the stock for the period 1997-2007 wcre, cxccpt for the 1982 and the 1987, sel as the mean 
weights from 1995, 1996 and 1997. The weight at age in catch and in the stock of the 1982 and the 1987 year classes 
were obtained from extrapolated growth curves over the period 1998-2007. The mean weights at age in the catch and in 
the stock of the 1982 year dass have been used for the 15+ group since the majority of this group consists of the 1982 
year dass. The projected weights at age in catches and in the stock for 1998-2007 are given in Table 6.8.1.1. 

6.4.3 Maturity at age 

Annua) changes in the mean weights at age are expected to be related to annual changes in the maturity ogive. 
Therefore, the maturity ogive should be estimated for each year to take into account possible differences in growth rates. 
This was discussed in ICES (1998/Assess:6). 
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During the mackerel/horse mackerel egg surveys in 1998 horse mackerel were collected to estimate the proportion 
mature by histological analysis to improve the maturity ogive. However, these data are not analysed yet. 

6.4.4 Natura! mortality 

The natura) mortalities applied in the assessments of western horse mackerel are sununarised and discussed in ICES 
(1998/Assess:6) and the Working Group admitted uncertainties in Min the range of0.05 to 0.15. 

6.5 State of the Stock 

A Bayesian approach has been used to calculate the Western horse mackerel stock assessment. This has been chosen as 
being an appropriate method of admitting pcrceived uncertainties in assumptions in the assessment, and of estimating 
uncertainties in the perceptions of stock size and subsequent short""' and medium-term forecasts. An accessible 
introduction to Bayesian methodology in a fisheries context is given by Hilborn and Walters (!992). Estimates 
calculated by this approach can reflect uncertainty in !!SSumptions as well as noise in the data around a given structural 
modcl. One difference between the Bayesian and conventional approach is that no attempt is made to find a 'best' set of 
parameter estimates or 'best' VPA. Instead, over a wide range of plausible prior assumptions, the data are compared 
with the assessment model using a likclihood function. For any particular parameter such as spawning stock size or a 
future catch under a particular catch option, the perceived ('posterior') probability of each stock size or catch option can 
be calculated. It is not necessarily the case that the likeliest estimates of all the parameters, or evcn thcir cxpccted 
values, should be consistent through a single calculation of- the asscssmcnt modcl. This can happen because of 
nonlinearities and parameter correlations in the assessment modcl. The Working Group does not therefore provide a 
single 'final' VPA, but instead provides cxpecled values and distribution percentiles for quantities judged to be of 
management interest. The calculating mechanism is described briefly in Appendix l of!CES (1998/Assess:6), which is a 
summary of a description given in Patterson (1997). 

As has been noted in two previous Assessment Working Group reports (!CES 1996/H:2, ICES 1997/Assess:3) the 
assessment of Western horse mackerel presents peculiar and special difficulties. The stock is dominated by two cohorts, 
the extremely strong 1982 and the much less abundant 1987 year classes comprising the bulk of the catches in recent 
years. Although there exist plausible catch-at-age data for the period 1982 to 1996 and there also exists a time-series of 
egg survey estimates of spawning biomass (ICES 1996/H:2) il is not a straightforward task to use the egg survcy 
estimates to 'tune' a population model to the egg survcy estimates. This is because maturation of horse mackerel appears 
to be density-dependent, and also because sampling for maturation is subject to unknown bias due to migration effects. 
Lastly, the assumption of natural mortality, M = 0.15 was made arbitrarily. Alternative choices of M were explored 
briefly by ICES (1997/Assess:3) which suggested that lower rathcr than higher values of M may provide belter tits of 
VP A-deri ved population models to egg survey biomass cstimatcs. 

The problematic nature of the assessment has led to rather poor consistency in ad vice. Estimates of the abundance of the 
1982 year class have been revised upwards succcssively by successive working groups, and as new egg survey estimates 
were added to the time-series, the perception of the precision of the earlier surveys was diminished. 

Here an attempt is made to make a more comprehensive assessment of uncertainty in same quantities used for 
management purposes (spawning stock size, fishing mortality, Fstatm quo catch) that includes uncertainty in some critical 
quantities (maturity ugive, natura! mortality). A Bayesian VPA-hased method based on a Markov Chain Mante Carlo 
method similar to that used t<>r Norwegian Spring-Spawning Herring (Patterson and Eltink, WD 1997) is used. In 
addition to the age-structured ohservation data set, this requires the specification of prior distributions for quantities 
about which limited or subjective knowledge is available. 

6.5.1 Model 

6.5.1.1 Structural model for assessment 

As last year, the underlying structural population model is of the 'ADAPT' type, structured so as to make all historie and 
recent population abundances and mortalities dependent on two parameters, being the abundance of fish aged 14 on l 
January 1998 and the natura) mortality. The model is similar to !hat described by ICES (1997/Assess:3), albeit with 
slightly different exploitation pattern assumptions. The following constraints were imposed: 

• Selection (relative tishing mortality) in 1997 and later ycars is constraincd:::: l on ages 4 and older. 
• Selection on ages O to 3 in 1997 is calculated by linear interpolation between l at age 4 and O at age O; 
• Fishing mortality on the oldest age is taken as the arithmclic mean from age 6 to the penultimate true age in the catch 

at age matrix. 
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• Recruitments from 1994 to 1997 were modelled as a geometric mean ofrecruitments in the years 1981, 1983-1986 
and 1988-1992 (see Section 6.8) in order to avoid inferring re~t?nt. recruitments from a selection pattern assumption. 

6.5.1.2 Probability model 

The likelihood function is defincd analogously to that for the conventional assessment, based on the lognormal 
distribution. With usual notation indexed by year y and age a, (Egg surveys Dy, Population abundance Na,y, Maturity 

ogive O, fishing mortality F, natural mortality M, survey variance sigma and the proportions of fishing and natural 
mortality experienced before the time of the survey PF and PM): 

P(Data \ Model) =ny( l 112 exJ 
Uya(2rr) '1 

6.5.2 Data and priors 

6.5.2.1 Data assumed known precisely 

[log( U y l :EaNa,yOa,y Wa,y exp( -PF, Fa,y - PM,Ma,y ))]
2 JJ 

2a2 

Estimates of landings and estimates of catches at age in numbers, weights at age in the catches and weights at age in the 
stock were as described in Sections 6.4. l and 6.4.2 and given in Tables 6.5.2.1 to 6.5.2.3. 

6.5.2.2 U ncertainty in maturity 

The assumptions concerning the uncertainty in maturity were comprehensively discussed in last year's report (ICES 
1998/Assess:6). The following assumptions for the prior distributions for maturity have been made, based on hypotheses 
about plausible maturities that are described in Section 6.5: 

l. The strongest year class before the 1982 year class was the 1979 year dass, which did not show a retarded growth 
· until 1983. The percentage mature is assumed to be in the range of 75% to 100% with equal probability for all 

values. 

2. Fish of the 1982 year class in 1983 at age l are assumed to be all immature, no uncertainty admitted. 

3. Because of the retarded growth, the fish of the 1982 year dass in 1986 and 1989 at respectively ages 4 and 7 are 
assumed to have a completely unknown maturity in the range of O to 100% with equal probability. It is assumed that 
the maturity in 1989 must be greater than in 1986. 

4. Fish of the 1982 year dass in 1992 at age l O are assumed in the range of 80 to l 00% mature with equal probability. 

5. Fish of the year class 1992 in 1995 at age 3 are assumed to have a maturity in the range of O to 100%, but less 
mature than the 1979 year dass in 1983. 

6. Fish of the 1982 year el ass in 1995 at age 13 are ass u med to be all mature with no uncertainty admitted. 

These maturity assumptions described above were parameterised as follows, and depending on five parameters X : 
1·5 

MO(l983.4)=X1 

M0(1986,4)=X, 
MO( 1989,7)=X3( l-X2)+X2 

MO( 1992, l O)= X., 
M0(1995,3)=X5.X1 

The maturity at age for the remaining ycars and ages are given in Table 6.5.2.4. 

6.5.2.3 Uncertainty in natura! mortality 

In the 1996 assessment of this stock trials with Min the region +1- 50% around M=0.15 were made. Here we consider 
admissible hypotheses forM in the range 0.05 to 0.15, for reasons referred to in Section 6.4. No attempt was made to 
explore uncertainty about possible differences in natural mortality at age. 
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6.5.2.4 Egg survey data 

The coefficient of variation of the 1992 western horse mackerel egg survey estimates was estimated at between 18 and 
22% depending on the analytic mcthod used (ICES 1994/H:4). For present purposes the egg survey abundances 
estimates were assumed to be estimated with a CV of 25% on a lognormal distribution. No uncertainty was admitted in 
this variance estimate. 

This year a preliminary estimate of the spawning stock biomass was availab!e from the 1998 surveys (Section 6.3). Due 
to the recent downwards trend in the ADAPT estimates of SSB, which have been projected to go below the MBAL of 
500kt in the short term, the Working Group considered that the preliminary estimate should be included within the 
assessment. Although it is considered that when the final egg survey estimate is available next year the value will be 
revised, it was treated as having the same CV as the previous surveys. 

6.5.2.5 Summary of prior assumptions 

The prior distributions are summarised in the text table below. All prior distributions are uniform. 

Parameter Lower Bound Upper Bound Comment 

N!998,!4 Population Abundance 1000 8. 10' Unrestrictive, reference 
( thousands) parameter for VPA 

M Natura! Morta!ity 0.05 0.15 Section 6.4 

XI Maturity 1983 age 4 0.75 l. O Section 6.5.2.2 

x2 Maturity 1986 age 4 o 1.0 

x3 Maturity 1989 age 7, additional to o 1.0 
maturity 1986 age 4 

x4 Maturity 1992 age 10 0.8 l. O 

x5 Relative Maturity 1995 age 3 o 1.0 

6.5.3 Stock assessment 

Estimates of the historie development of the stock parameters are plotted in Figure 6.5.3.1, and the expectations and 5th, 
25th, 50th, 75th and 95th percentiles ofthese distributions are given in Table 6.5.3.1. From Figure 6.5.3.1. it can be sccn 
!hat the 1983 and 1986 egg survey observations Iie outside the 95th percentile of the SSB distribution, indicating that 
even with the relaxation of assumptions allowed in this assessment compared with the conventional assessment 
procedure, the earl y egg surveys in the time series, the reported catches, the VPA assumptions and the assumption of a 
25% CV in egg survey estimates are mutually incompatible. The preliminary estimate for the 1998 survey biomass Iies 
within the 95 percentile of the stock trajectory. 

It should be no led from Figure 6.5.3.1 that the SSB cstimates in the majority of ycars in which the Bayesian priors have 
been applied to maturity at age (1986, 1989, 1992, 1995), appearto be biased towards the egg survey values. This may 
result from lower expcctcd valucs for maturity at age in the survey years when compared to the dcterministic values of 
adjacent years. A future development of the model, which should be considered is the use of a density dependent model 
for maturity. 

6.5.4 Reliability of the assessment and uncertainty estimation 

Posterior distributions for population abundance, natural mortality and spawning biomass in 1997 and 1998 (the latter 
predicated on an assumption of a catch of 400,000 t in 1998) are shown in Figure 6.5.4.1. The distribution of the ratio 
F/M is plotted because as both F and M are uncertain parameters, the distribution ofF alone has an uncertain meaning. 
This shows that: 

l. The data and model indicate values of natura! mortality higher !han 0.12 are improbable. 
2. The lower limit of natural mortality is constraincd by the prior assumptions, and the data and model do not give 

information about this lower limit. 
3. Spawning stock size estimates of945,000 t to 1,420,000 t (25th and 75th percentiles) in 1997 are ealculated. 
4. Estimates of the ratio of fishing mortality to natura! mortality in 1997 2.86 to 4.66 (25th and 75th percentiles) are 

calculatcd. 
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5. The distribution of the estimate of spawning stock biomass in 1983, which has been used for reference purposes, is 
838,000 t to l ,030,000 t (25th and 75th percentiles). 

Perceptions of maturity parameter estimates (X1 to X5) are given in Figure 6.5.4.2. This shows that there is little 
information in the model and data about these parameters, with the exception that lower values of maturity of the age 4 
fish in 1986 appear more likely. 

Comparisons between the SSB trajectories from this year's assessment (Figure 6.5.4.3a) with last year's, (Figure 
6.5.4.3b) reveal that whereas the 1989, 1992 and 1995 surveys were close to the median line last year, the new 
assessment estimates that they Iie between the 75th and 95th percentiles. This shows that the assessment results are very 
sensitive to the egg survey estimate for 1998 and revisions to this when the data are finalised could have a significant 
effect on the estimated trends in stock size and mortality. 

6.6 Catch Prediction 

A calculation of the consequences of different short-term catch options can be made from the Bayesian assessment, but a 
different presentation is necessary to take account of the fact that most of the imponant variables {stock size, natural 
mortality, fishing mortality etc.) are treated as stochastic. No attempt is made to tind a joint maximum-likelihood 
solution. A stochastic vers ion of the conventional catch option table is presented in Tab le 6.6.1. 

The following assumptions were made in the calculations: 

l. Recruitments in 1994 and later were treated as lognormal variates with mean and variance estimated from the mean 
and variance of the recruitments in 1981, 1983-1986 and 1988-1993. This treatment is as used by ICES 
(1997/Assess:3) and represents a cautious approach to modelling recruitment as the mean and variance of the weak 
year classes, ignoring the few stronger year classes. 

2. Exploitation in 1998 and later was assumed to follow the selection pattem assumed for 1997. 

3. Catches in 1998 were assumed to be 400,000 t (Section 6.8.3). The assumption of 400,000 t in 1998 was thought 
preferable to an assumption of status quo fishing mortality, because such a mortality would imply much lower 
catches than those which are expected from this stock. 

4. Weights at age in the stock and in the catch, and maturity in years 1998 and later, were laken as the average of the 
years 1995 to 1997. 

5. Options ofF=M, and ofCatch (1999) = Catch (2000) =50, 100,200,300 and 400 thousand tonnes were simulated. 

6. In the simulations, an upper bound rcstriction was placed on fishing mortality = 1.5, in order to avoid simulations of 
extreme fishing mortalities when a catch constraint is imposed on a stock size which has a stochastic distribution 
which may extend to low values (possibly lower than the putative catch constraint). 

For each option, the expectation of spawning stock size in 1999 and 2000, and the 25th, 50th and 75th perccntiles of the 
SSB distribution are tabulated. The risk that the stock size may fall under each of two reference levels. These reference 
lcvcls are the model estimate of SSB in 1983 and a value of 500,000 t. 

Presentation of the F=M-based option is somewhat complex, as both M and the F=M catch are here considered as 
uncertain. Herc, for the F=M option, the distribution of corresponding SSB has been tabulated, and also the distrihution 
of the corresponding catch. However, it would be incorrect to interpret the fonner as being conditional on the 
expectation of the latter. 

6. 7 Short-Term Risk Analysis and Medium-Term Projections 

A calculation of risk was made for some levels of fishing mortality between O.lM and 3M, expressed as the probability 
of the stock be ing under 500,000 t at spawning time in 2000 and 2007. This calculation was made from estimatcs of the 
probability distribution of spawning stock size using the assumptions given above, bul assuming exploitation between 
1998 and 2007 = O.lM, 0. 25M, ... 3M. Risk so calculated is given in Figure 6.7.1. 
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The outcome of some simple harvest strategies in the medium tenn was evaluated by taking samples from the 
multivariate posterior distribution of parameters for the stock assessment, and projecting from each drawn parameter 
sample under the harvest control from 1999 until 2007. 

The assumptions described in Section 6.5.2 were retained for all cases. The following scenarios were modelled, 
applying from 1999 onwards: 

(l) Constant catch =50, 100, 200, 300 or 400 thousand tonnes by year. 
(2) Constant fishing mortality = natural mortality. 

Same percentiles of the distribution of fishing mortality, recruitment, spawning stock size and landings, calculatcd under 
these assumptions, are given in Figures 6.7.2 to 6.7.7. 

6.8 Comparative Assessment 

6.8.1 ADAPT maximum-likelihood assessment 

An alternative method is the 'ADAPT'-type method (Gavaris, 1988) in which an arbitrary choice of selection pattern is 
made. This method has been used at earlier Working Group mectings in 1994-1997 to estimate the size of this stock and 
associated mortality rates. This method is again used at this year's Working Group meeting for comparability with last 
year's ADAPT asscssment and with the Bayesian assessment. The use of the ADAPT method also allows estimation of 
some of the uncertainty in the assessment, and of the sensitivity of the assessment to the assumed selection pattern. As 
fishing mortality has historically been rather low in this stock, VPA 'convergence' does not help stabilise the analysis 
rapidly and hence the population model is likely to be strongly dependent on starting assumptions. 

The model is a conventional VPA, which is fitted by a non-linear minirnisation of the sum of squares with respect to 
population abundance at age 14 in 1998 subject to the constraints detailed below. Given population abundance N, fishing 
mortality F, natural mortality M, weights at age W, and maturity at age O, egg survey estimates of SSB U, and the 
proportion of fishing and natura[ mortality exerted befare spawning PF and PM respectively, the VPA is fitted by 
minimising: 

L,~n(U,)-ln(L •. , N •. ,. o •. ,. W,.,.exp(-PF. F •. ,- PM. Ma.,l)J 

where subscripts a and y denotc age and year respectively. 

Given the lack of age-structured surveys it is necessary to impose same constraints about the exploitation pattern on the 
modcl. Although same of these constraints are not Very realistic there are insufficicnt observations available to make 
objective parameter estimations. These constraints are somewhat arbitrary: 

a) Selection pattern in 1997 and later years is equal to l on ages 4 and older (based on exploratory runs); 
b) Selection on ages O to 4 in 1995 and later years set to mean from previous 3 years 1994 to 1996 (in last year's 

assessment a mean over 5 years was used); this change was made to avoid an unrcasonably low stock number estimation 
for the 1996 year class; 

c) Natura} mortality, weights at age in the stock and in the catch are assumed to be known precisely; 
d) Maturity ogive is assumed to be known precisely. 
e) Fishing mortality on the oldest age taken as an arithmetic mean from age 6 to the penultimate true age in the catch at age 

matrix. 

The choices made about constraints listed above were made after a number of ex.ploratory model fits, which are 
documented in ICES (1996/Assess:7). As before, egg survey information prior to 1992 was excluded on account of 
uncertainty introduced by the unknown maturity of the 1982 co hort. 

The model is fitted to the traditional egg production estimates of biomass (Table 6.8.1.2d) only for the 1992, 1995 and the 
preliminary 1998 estimates (which are expected to be approximately 80% of the 1995 value). Preliminary runs with the 
ADAPT were made without including an SSB estimate from the 1998 egg survey. Thcse runs resulted in an increase ofF to 
more than 0.5 and a corrcsponding reduction of the stock size estimation. As this drastic change in stock parameters could 
not be justified by other information, it was decided to use the preliminary rcsults of the 1998 egg survey for tuning. In 
general, the output from the ADAPT assessment has shown to he very sensitive on the constraints listed abovc and the 
inclusion or exclusion of the 1998 egg survey biornass cstimate. 
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Input data for the assessment and projections are given in Table 6.8.1.1, fishing mortality, fitted populations, stock sizes 
and other parameters calculated by the ADAPT procedure are presented in Table 6.8.1.2. In Figure 6.8.1.1 same of 
these parameters are compared graphically. From Figure 6.8.1.1 bit is striking that the VPA fit of SSB (expected) to the 
SSB estimates from egg surveys (observed) shows a striking discrepancy. This may be caused by invalid assumptions 
made on the following parameters: 

• natura! mortality (however, an exploratory run with M reduced to M=0.05 improved the fit considerably and brought 
it very el ose to the results of the Bayesian analysis, as shown in Figure 6.8.1.3), 

• selection pattem, which was presumed to be constant, but might have changed over the last years (and there are 
indications for this, see Figure 6.4.1.1), 

• maturity o gi ve, 
• treatment of the SSB estimates as absolute measures of stock abundance, 
• age composition estimates could be biased due to poor sampling coverage, 
• the model structure might have been inappropriate. 

6.8.2 Comparison with GAM egg production estimate 

Population parameter estimates obtained using GAM estimates of egg production were presented in the 1996 Working 
Group repott (ICES 1997/Assess:3, Figure 6.2). and the comparison with the traditional estimates was not updated. 

6.9 Long-Term Yield 

Given the uncertainty, both to the mortalities and to the future recruitment, long-term yield has not been computed. 

6.10 Uncertainty in Assessment 

The assessment calculation expressed in Sec ti on 6.5 and concomitant forecasts in Sections 6.6 and 6. 7 are made with an 
explicit consideration of perceived uncertainty in natura) mortality, egg survey biomass estimates and in maturity 
parameters for specific ages in the early years of the egg survey. Distribution percentiles for various quantities from the 
assessment and short-term projection are given in Tab les 6.5.3.1 and 6.6.1, which represents the best avallable estimates 
of quantified uncertainty. 

Additional, unquantified uncertainty exists. The following sources of uncertainty have not been taken into account in the 
assessment: 

• Uncertainty about reported catches~ 

• Uncertainty about selection pattern assumptions, which have a strong effcct on the estimation of recent recruitments; 

• Uncertainty in maturity, except for the years and ages mentioncd in Section 6.5.2.2. In particular it should be noted 
from Figure 6.5.3.1 that the SSB estimates in the majority ofyears in which the Bayesian priors have been applied to 
maturily al age (1986, 1989, 1992, 1995), appear lo be hiased towards the egg survey values. This may result from 
lower cxpected values for maturity at age in the survey years when compared to the deterministic valucs of adjacent 
years. A future development of the model, which should be considered is the use of a density dependent made! for 
maturity, the parameters for which are estimated within the objective function; 

• Uncertainty in stock weights and catch weights at age, either for the historie, measured values of for future, projccted 
values; 

• Uncertainty in sampling and ageing commercial catches; 

• Treatment of the egg survcy estimates as absolute measures of stock abundance. 

Uncertainty in natural mortality has been incorporated into the model by the usc of the Bayesian prior. The posterior 
distribution has established that within the structure of the model used for the assessment the highest probability of 
agreement between the estimated SSB and the egg survcys is achieved at the lowest bound of the natural mortality 
distribution. Although this could be taken as an inference for toa high a value of natural mortality, the final natural 
mortality distrihution could be artificially induced by mis·specification of the model structure, specifically- selection at 
age, maturity at age and/or the use of an absolute scaling for the egg surve y estimates. 
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6.11 Reference Points for Management Purposes 

6.11.1 MBAL 

This stock is charactcriscd by infrequent, extremely large recruitments. As on ly a short time series of data is available, it 
is not possible to quantify stock-recruit relationships, but one may make the precautionary assumption that the likelihood 
of a strong year el ass appearing would decline if stock size were to fall lower than the stock size at which the only such 
c vent has been observed. The basis for the le vel of MBAL is the stock size in 1983 (as estimated by an egg survey and 
the assessment), which is used as a proxy for the stock size present in 1982; that which produced the strong 1982 year 
class. 

As noted above, population model estimates of the SSB in 1983 differ from the egg survey biomass estimatc. The model 
estimates are in the range 756 to 1281 thousand tonnes with 90% confidence, yet the egg survey biomass estimate was 
530,000 t. This year's assessment has not altered the estimate or the confidence limits. However, in Section 6.10 it is 
noted that the assessment of uncertainty in the population model estimates is incomplete, and therefore it is proposed to 
retain the use of the egg survey biomass estimatc as the reference va1ue for MBAL Conventionally this has been 
rounded to 500,000 t. The Study Group on the Precautionary Approach to Fisherics Management has accepted this 
Working Group's recommendation that the:5e values should be used as the SSB reference point Bpa-

6.11.2 Fishing mortality reference points 

Given the extreme dynamics of the stock it is inappropriate to attempt to calculate Fmsy , Fmed or F1ow reference points 
over the time series available. Possibly useful reference points for management purposes might be F=M, F=2/3M or Fo.L 
A probability distribution for estimates of F0_1 and F0 _1 relative to M from the stock assessment is shown in Figure 
6.1 L2. L The percentiles of the distribution F0_1 relative toM are given in the text tab le bclow: 

Expected 
1.25 

5% 
1.02 

25% 
1.13 

50% 
1.26 

75% 
1.36 

95% 
1.45 

This illustrates that even these measures may be problcmatic as management tools, due to the uncertainty of their 
estimates in this assessment. 

6.12 Harvest Control Rules 

No harvest contra! rules were proposed by the Study Group on the Prccautionary Approach to Fisheries Management 
and none are proposed here. However, the stock is at present in a transition from harvcsting the large 1982 year class to 
the fishing of younger ages. Given the structural uncertainties within the model it was considered that the definition of 
harvest control rules would be inappropriate. At a later stage, a harvesting strategy will nced to be provided, which can 
be applicd whcn a large year class dominates the stock structure. 

6.13 Environmental Effects 

The Norwegian fishery for horse mackerel is unregulatcd and is carried out by purse seiners mainly in the Norwegian 
economical zone in the North Sea in October. This fishery is thcrcfore reflecting the availability of horse mackerel in 
these areas. ·Thcrc is good correlation between modelled inflow of Atlantic water the first quarter of a year and the 
Norwegian horse mackcrcl catchcs later that year (Iversen et al. 1998). This relation may be used for predictive 
purposes. Based on the modelled inflow in the winter 1997 a Norwegian catch of 70,000 t was predicted that year. 
Norway took 46,000 t in 1997, and that wa' an incrcase of a bo ut 30,000 t since 1996. The deve1opment of the 
Norwegian fishery for horse mackerel indicates that the stock size has to be above a certain level befare it undertakes the 
migration northwards to the fceding areas and thereby becomes availablc for the Norwegian purse seiners. Given that the 
western horse mackerel stock is still above this level, the modelled intlux the first quarter of 1998 predicts a Norwegian 
catch of about 30,000 t this year. 

6.14 Management Considerations 

Given the poor state of knowledge about the long-term dynamics of this stock, the Working Group suggests that 
management may wish to consider constant fishing mortality options in the range below natura! mortality. According to 
the medium-term predictions (Figures 6.7 .l-6.7 .7), this will imply a gradual decrease in the risk for thestock of falling 
below MBAL of 500,000 t in the years immediatcly after 1998. Both the medium-term projections and comparisons 
with othcr stocks suggcst that fishing with F/M= l would lead to precautionary management. Even in this range, 
however, it is estimated (hascd on the assumption of continued low recruitment) that the spawning stock size has a 
probability around lO% of falling under MBAL by 2002. 
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TAC has been overshot considerab1y since 1988 (ICES 1997/Assess:3). The Working Group ad vises that if a TAC is set 
for this stock, it should apply to all areas where western horse mackerel are caught, i.e. Divisions Ila, Ula (western part), 
!Va, Vb, Via, VHa-<:, Vlle-k and VIIIa,b,d,e. 

145 



Table 6.2.1 Landings (t) of HORSE MACKEREL in Sub-area Il. (Data as submitted by Working Group members.) 

Courttry 

Denmark 

France 

Germany, Fed.Rep. 

Norway 

USSR 

Total 

Country 

Faroe Islands 

Denmark 

France 

Germany, Fed.Rep. 

Norway 

USSR 

UK (England + Wales) 

Total 

Faroe Islands 

Denmark 

France 

Germany 

Norway 

Russia 

UK (England + 
Wales) 

Total 

1Preliminary. 
2lncluded in Sub-area N. 

1980 

1985 

78 

79 

1992 

9,1573 

4,300 

13,457 

'Includes catches in Division Vb. 

1981 

+ 

+ 

1986 

2 -

214 

214 

1993 

1,068 

2,100 

3,168 

1982 1983 1984 

l 

412 22 

412 23 

1987 1988 1989 1990 

964' 

39 

_2 

64 12 + 

3,272 6,285 4,770 9,135 

469 27 1,298 

17 

3,311 6,818 4,809 11,414 

1994 1995 1996 19971 

950 1,598 799' 

200 

55 

4 Il ,300 887 1,170 

700 1,633 881 648 

759 14,083 3,366 2,617 
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1991 

l' 115 

3,200 

172 

4,487 



Table 6.2.2 Landings (t) of HORSE MACKEREL in Sub-area IV by country. 
(Data submitted by Working Group members). 

Country 1980 1981 1982 1983 1984 

Belgium 8 34 7 55 20 
Denmark 199 3,576 1,612 1,590 23,730 
Faroe Islands 260 
Fraoce 292 421 567 366 827 
Germany, Fed.Rep. + 139 30 52 + 
lrelaod 1,161 412 
Netherlands !OI 355 559 2,029' 824 
Norway 119 2,292 7 322 4 

Poland 2 94 
Sweden 
UK (Eng!. + Wales) Il 15 6 4 
UK (Scotland) 3 
USSR 489 

Total 2,151 7,245 2,788 4,420 25,987 

Country 1985 1986 1987 1988 1989 1990 

Belgium 13 13 9 10 10 13 
Denmark 22,495 18,6522 7,290" 20,3232 23,329' 20,6052 

Estonia 
Faroe Islands 942 
France 298 231' 189' 7843 248 220 
Germany, Fed.Rep. + 3 !53 506 2,469' 

Ire land 687 

Netherlands 160" 600' 850" 1,060" 14,172 1,970 

Norway' 203 776 11,7285 34,425' 84,161 117,903 

Polaod 
2 

Sweden 2' 
UK (Eng!. + Wales) 71 3 339 373 10 102 
UK (N. Irelaod) 10 
UK (Scotland) 998 531 487 5,749 2,093 
USSR 458 

Unallocated + discards -12,4825 

-3175 

Total 24,238 20,808 20,895 62,877 112,047 145,062 

Country 1991 19921 1993 1994 1995 1996 19971 

Belgium + 74 57 51 28 
Denrnark 6,9822 7,755 6,120 3,921 2,432 1,433 648 
Estonia 293 17 
Faroe Islands 340 360 275 296 
Fraoce 174 162 302 
Germany, Fed.Rep. 5,995 2,801 1,570 1,014 1,600 7 7,603 
Ire1aod 2,657 2,600 4,086 415 220 1,100 8,152 
Netherlands 3,852 3,000 2,470 1,329 5,285 6,205 37,778 
Norway' 50,000' %,000 126,800 94,000 84,747 14,639 45,314 
Polaod 
Sweden 9532 800 697 2,087 95 232 
UK (Eng!. + Wales) 132 4 115 389 478 40 242 
UK (N. Irelaod) 350 
UK (Scotlaod) 7,309 9% 1,059 7,582 3,650 2,442 10,511 
USSR 
Unallocated + discards -750' -278 -3,270 1,511 -28 136 -31,615 
Total 77,994 114,133 140,383 112,580 98,452 26,125 79,161 

1-Preliminary. 2 lncludes Division Illa. 3 lncludes Division Ila. ' Estimated from biological sampling. ' Assumed to be 
misreported. 6 lncludes 13 t from the German Democratic Republic. 1 lncludes a negative unallocated catch of -4,000 t. 
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Table 6.2.3 Landings (t) of HORSE MACKEREL in Sub-area VI by country. 
(Data submitted by Working Group members). 

Country 1980 1981 1982 1983 1984 1985 1986 1987 1988 

Denmark 734 341 2,785 7 769 1,655 

Faroe Islands 1,248 4,014 1,992 4,450' 4,ooo' 

France 45 454 4 10 14 13 12 20 10 

Germany, Fed. Rep. 5,550 10,212 2,113 4,146 130 191 354 174 615 

Ire land 15,086 13,858 27,102 28,125 29,743 27,872 

Netherlands 2,385 100 50 94 17,500 18,450 3,450 5,750 3,340 

Norway 5 83 75 41 

Spain . 2 -2 -2 

UK (Eng!. + Wales) 9 5 + 38 + 996 198 404 475 

UK (N. Ireland) 

UK (Scotland) 17 83 214 1,427 138 1,027 7,834 

USSR 

Unallocated + -19,168 -13,897 -7,255 
discards 

Total 8,724 11,134 6,283 24,881 31,716 33,025 20,455 35,157 45,842 

Country 1989 1990 1991 1992 1993 1994 1995 1996 19971 

Denmark 973 615 42 294 106 114 780 

Faroe Islands 3,059 628 255 820 80 

France 2 17 4 3 + 52 

Germany, Fed. Rep. 1,162 2,474 2,500 6,281 10,023 1,430 1,368 943 229 

Ire land 19,493 15,911 24,766 32,994 44,802 65,564 120,124 87,872 22,474 

Netherlands 1,907 660 3,369 2,150 590 341 2,326 572 498 

Norway 

Spain -2 -2 l 3 

UK (Eng!. + Wales) 44 145 1,229 577 144 109 208 612 56 

UK (N .Ire land) 1,970 273 767 

UK (Scotland) 1,737 267 1,640 86 4,523 1,760 789 2,669 14,452 

USSR 44 

Unallocated + 6,493 143 -1,278 ·1,940 -6,960' -51 -41,326 -11,523 837 
discards 

Total 34,870 20,904 34,456 40,469 53,942 69,527 83,595 81,259 40,145 

1 Preliminary. 
2lncluded in Sub-area VII. 
3lncludes Divisions llla, IVa,b and Vlb. 
4lncludes a negative unallocated catch of -7,000 t. 
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Table 6.2.4 Landings (t) of HORSE MACKEREL in Sub-area VII by country. 
Data submitted by the Working Group members). 

Country 1980 1981 1982 1983 1984 

Belgium l l 
Denmark 5,045 3,099 877 993 732 
France 1,983 2,800 2,314 1,834 2,387 
Germany, Fed. Rep. 2,289 1,079 12 1,977 228 
Ire land 16 65 
Netherlands 23,002 25,000 27,500' 34,350 38,700 
Norway 394 
Spain 50 234 104 142 560 
UK (Eng!. + Wales) 12,933 2,520 2,670 1,230 279 
UK (Scotland) l l 
USSR 

Total 45,697 34,749 33,478 40,526 42,952 

Country 1985 1986 1987 1988 1989 1990 

Faroe Islands 28 

Belgium + + 2 + 
Denmark 1,4772 30,4082 27,368 33,202 34,474 30,594 
France 1,881 3,801 2,197 1,523 4,576 2,538 
Germany, Fed.Rep. 5 374 4,705 7,743 8,109 
Ire land 100 703 15 481 12,645 17,887 
Netherlands 33,550 40,750 69,400 43,560 43,582 111,900 
Norway 
Spain 275 137 148 150 14 

16 
UK (Eng!. + Wales) 1,630 1,824 1,228 3,759 4,488 
UK (N .lre1and) 13,371 

UK (Scotland) l + 2 2,873 + 
USSR 120 139 

Unallocated + discards 28,368 
7,614 

Total 39,034 77,628 100,734 90,253 135,890 192,196 

Country 1991 1992 1993 1994 1995 1996 19971 

Faroe Islands 
Be1gium 18 
Denmark 28,888 18,984 16,978 41,605 28,300 43,330 60,412 

France 1,230 1,198 1,001 27,201 

Germany, Fed.Rep. 12,919 12,951 15,684 14,828 17,436 15,949 28,549 

Ireland 19,074 15,568 16,363 15,281 58,011 38,455 43,624 

Netherlands 104,107 109,197 157,110 92,903 116,126 114,692 81,464 

Norway 
Spain 113 106 54 29 25 33 
UK (Eng!. + Wales) 6,436 7,870 6,090 12,418 31,641 28,605 17,464 
UK (N.lre1and) 2,026 1,690 587 119 1,093 

UK (Scotland) 1,992 5,008 3,123 9,015 10,522 11,241 7,931 

USSR 
Unallocated + discards 24,541 15,563 4,0lo' 14,057 68,644 26,795 58,718 

Total 201,326 188,135 221,000 200,256 330,705 279,100 326,474 

1Provisional. 
2Includes Sub-area VI. 
3Includes a negative unal1ocated catch of -4,000 t. 
'Includes 5 t from Jersey. 
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Table 6.2.5 Landings (t) of HORSE MACKEREL in Sub-area VIII by country. 
(Data submitted by Working Group members). 

Country 1980 1981 1982 1983 1984 

Denmark 

France 3,361 3,711 3.073 2,643 2,489 

Netherlands 

Spain 34,134 36,362 19,610 25,580 23,119 

UK (Eng!. + Wales) + l 

USSR 20 

Total 37,495 40,073 22,683 28,223 25,629 

Country 1985 1986 1987 1988 1989 1990 

Denmark 446 3,283 2,793 6,729 5,726 

France 4,305 3,534 3,983 4,502 4,719 5,082 

Germany 

Netherlands -2 6,000 

Spain 23,292 40,334 30,098 26,629 27,170 25,182 

UK (Eng!. + Wales) 143 392 339 253 68 6 

USSR 656 

Unallocated + discards 1,500 

Total 27,740 45,362 37,7ffi 34,177 38,686 43,496 

Country 1991 1992 1993 1994 1995 1996 19971 

Denmark 1,349 5,778 1,955 340 140 729 

France 6,164 6,220 4,010 28 7 8,690 

Germany 80 62 

Netherlands 12,437 9,339 19,000 7,272 14,187 2,944 

Spain 23,733 27,688 27,921 25,409 28,349 29,428 31,081 

UK (Eng!. + Wales) 70 88 123 753 20 924 430 

USSR 

Unallocated + discards 2,563 5,011 700 2,ffi8 3,583 -2,944 

Total 46,396 54,186 53,709 35,500 28,709 48,269 40,930 

1 Preliminary. 
2lncluded in Sub-area VII. 
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Table 6A.1.1 Catch in numbers ('000) at a'ge of WESTERN 

HORSE MACKEREL by quaner and by 
Division(s) in 1997 

1997 "' IV o v• Vllb,c,j,k lla,e,l,g, Vllla,b,d, A!! areas 

!'stO l'stQ t'stO l'stO 1'stQ t'sta t'st a 
Age catchrooo) tch('OOO atch('OOO atch('OOO atch('OOO atch('OOO catch (000) 

o o o o o o o o 
1 o 1 o o o o 1 

2 o o o o 101,570 8,964 110,534 

3 o 1 o o 330,102 29,135 359,237 
4 o 3 o 2,690 152,355 13,447 168,495 

5 o 94 o 10,400 50,785 4,482 85,761 

6 o 122 o 15,144 o o 15,266 

7 o 103 898 18,070 o o 19,071 

8 o 79 o 32,151 o o 32.230 

9 o 71 2.693 28,264 o o 31,028 

10 o 140 sea 32,525 o o 33.562 
11 o 45 2,693 25,602 o o 28,340 

12 o 146 7,181 59,621 o o 66,948 

13 o 93 9,875 30,438 o o 40.405 
14 o 91 ... 11,939 o o 12.928 

15+ o 212 19,750 145,827 o o 165.789 
Total o 1,199 44,886 412,670 634,812 56,028 1,149,595 

Tonne o 364 14,184 91,566 54,340 4.796 165.250 

"' IV o Via Vllb.c,j,k lla,e,l,g, Vl!1a,b,d, All areas 

2'nd a 2'nda 2'nd a 2'nd a 2'nd a 2'nda 2'ndQ ,_ 
catch('OOO) btch('OOO ""'"rooo ba1ch('OOO atch('OOO atch('OOO catch fOOO) 

o o o o o o o o 
1 o 2 o o 2,061l 933 3,003 
2 o o o 1,604 70,319 31,715 103,638 
3 o 2 o 8,028 26.886 12,126 47,043 

4 o 9 o 16,074 o o 16,083 
5 o 331 o 21,828 2,061l 933 25,160 

' o 429 o 23,853 o o 24,282 
7 o 362 155 24,688 2,061l 933 28.206 
8 o 276 o 31,810 o o 32,086 
9 o 247 466 22,958 o o 23.671 

10 o ... 155 17,929 o o 18,572 
11 o 156 466 20,613 o o 21,235 
12 o 510 1,241 27.321 o o 29,072 

13 o 325 1,707 11,542 o o 13,574 

" o 319 155 2.556 o o 3,031 

15+ o 742 3,414 8,216 o o 12,373 
Total o 4,198 7,760 239,021 103,410 46,639 401,027 

Ton.ne o 1.274 2.452 46,874 6,308 2,845 59,753 

"' IV o Via Vllb.c,j,k lla,e,f,g, Vllla,b.d. All areas 
3'rd0 3'rd0 3'rd0 3'rd a 3'rda 3'rda 3'rda 

Aao catch('OOO) batch('OOO batch('OOO btch('OOO atch('OOO tch('OOO catch ('000) 
o o o o o o o o 
1 1 5 o o o o 6 
2 o o 696 1,735 38,559 7.758 48,747 
3 1 5 4,924 21,234 67,376 10.776 104.316 
4 5 19 7,064 25,962 32,400 1,724 67,173 
5 176 676 9.522 20,721 10,716 1,293 43,105 

6 228 877 5,989 11,099 5,720 o 23,914 
7 192 740 6,362 11,647 o o 18,942 
8 147 564 6,275 12,666 o o 19,652 
9 132 511 6.014 8,843 o o 15,499 
10 260 1,005 3,261 4,795 o o 9,321 
11 " 360 7,558 11,114 o o 19,115 
12 271 1.060 6,755 11.356 o o 19,442 
13 173 676 2,621 3.854 o o 7,323 
14 170 717 185 273 o o 1,344 
15+ 395 1,519 4,206 6,273 o o 12,453 

Total 2,2:34 8.735 71,492 151,571 154,770 21,551 410,352 
Tonne 670 2.659 13,577 26,422 16,680 2,237 62,253 

"' IV a V~ Vllb,c,i,k Ua,e,f,g, Vllla,b,d,a All areas 
41h a 4'1h a 4'th a 41hQ 4~h a 4'th o 4~h a 

Ago catch('OOO) ~-"ICh('OOO 1ch('OOO btch('OOO batchrooo atch('OOO catch ('000) 
o o o o o o o o 
1 3 "' 18 o 494 91 721 
2 o o o 1,180 149,647 3,384 154,211 
3 3 113 18 23.222 165,730 3.567 192,654 
4 13 455 72 25.846 110,733 1.280 138,399 

5 504 16,299 2,577 11,152 66,225 1,463 98,220 

' 653 21,135 3,342 3,805 19,634 1.280 49,849 
7 550 17,841 2.821 3.805 28,173 1,463 54,654 
8 419 13,595 2,150 5,708 16,022 823 38,717 
9 376 12.169 1,924 o 19,308 183 33,961 
10 744 24,080 3,808 o 6,046 91 34,769 
11 237 7,703 1,218 o o o 9,158 
12 776 25,122 3,972 2,361 494 91 32,817 
13 494 16.010 2.532 o o o 19,036 
14 ... 15,736 2,488 o o o 18,710 

15+ 1,130 36,595 5,786 o 6,618 o 50,129 
Total 6,389 206,968 32,726 77,079 589.124 13.719 926,005 

Tonne 1,939 62,813 9,932 10,717 68,115 1.799 155,315 
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Table 6.4.1.2 Catch in numbers, mean length and mean weight in catch and mean weight in stock of western 
horse mackerel 1997 

Catch in Mean 
·-

numbers length (cm) Mean weight (kg) 
Age (millions) in catch in catch l in stock 
o 0.000. 0.0 0.000 .. 
1 3.730 18.6 0.039 
2 417.131, 21.5 0.075 0.050 
3 703.250• 23.1 0.0931 0.122 
4 390.1501 24.0 0.109 0.130 
5 232.246' 26.1 0.142 0.140 
6 113.310 27.5 0.180 0.148 
7 120.872 28.2 0.189 0.171 
8 122.686 29.0 0.199 0.188 
9 104.158 29.5 0.208 0.201 

10 96.225 30,l 0.235 0.206 
11 77.847 30.9 0.238 0.209 
12 148.279 31.3; 0.246 0.220 
13 80.338 32.1; 0.272 0.231 
14 36.013 33.0/ 0.302 0.232 

- ----

15+ 240.744 33.0 0.289 0.233 
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Table 6.4.2.1 Length (cm) at age of WESTERN HORSE 

MACKEREL by q.u,~rter and by Division(s) 

in 1997 
1997 "' IV o V" Vllb,c.t,K JVIIa,e,l,g, Vllla,b,d. AJ! areas_l 

l'stO 1'st0 1'st0 l'stQ t'stO t'sto !'stO 
Age length(cm) length(cm leogth(cm length(cm length(cm length(cm lengttl(cm) 

o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 00 21.0 0.0 0.0 0.0 0.0 21.0 
2 0.0 0.0 0.0 0.0 21.5 21.5 21.5 
3 0.0 25.0 0.0 0.0 22.9 22.9 22.9 
4 0.0 26.0 0.0 25.0 23.0 23.0 23.0 
5 0.0 28.5 0.0 26.1 25.5 25.5 25.6 

6 0.0 29.8 0.0 26.9 0.0 0.0 27.0 
7 0.0 30.3 28.5 27.5 0.0 0.0 27.6 

8 0.0 30.9 0.0 29.0 0.0 0.0 29.0 

9 00 30.9 31.2 29.6 0.0 0.0 29.7 

10 00 31.2 34.5 30.1 0.0 0.0 302 
11 0.0 32.3 35.2 30.8 0.0 0.0 31.2 

12 o. o 31.9 34.4 31.3 0.0 00 31.6 

13 0.0 33.1 34.4 31.2 0.0 0.0 320 
14 0.0 33.9 34.5 31.8 0.0 0.0 32.0 

15• 0.0 34.7 35.6 32.4 0.0 0.0 32.8 
Q-15+ 0.0 31.8 347 30.8 22.9 22.9 262 

lia 't IVa 
V" Vllb,c.i.l< lla,e,l.g, Vllla,b,d, ~~area~-~ 

2'nd0 2'nd a 2'nd0 2'ndQ 2'nd0 2'ndQ 2'ncl0 

Age length(cm) length(cm length(cm tength(cm ..,.",,= lenath(cm lenath(cm) 

o 00 0.0 0.0 0.0 00 0.0 0.0 

1 00 21.0 0.0 00 18.5 18.5 18.5 

2 0.0 0.0 0.0 22.7 19.8 19.6 19.8 

3 0.0 25.0 00 24.3 22.1 22.1 22.5 

4 0.0 26.0 0.0 25.4 0.0 0.0 25.4 

5 0.0 28.5 0.0 26.2 27.5 27.5 26.4 

6 0.0 29.8 00 26.7 0.0 00 26.8 

7 0.0 30.3 28.5 28.0 28.5 28.5 28.1 

8 0.0 30.9 0.0 288 0.0 0.0 28.9 

9 0.0 30.9 31.2 29.5 0.0 00 29.6 

10 0.0 31.2 345 305 00 0.0 30.5 

11 00 32.3 35.2 30.3 0.0 00 30.5 

12 0.0 31. 34.4 30.7 0.0 0.0 30.8 

" 00 33.1 344 31.1 0.0 0.0 31.6 

14 0.0 33.9 34.5 31.5 00 00 31.9 

15• o. o 34.7 35.6 31.4 0.0 0.0 32.8 

0.15+ 0.0 31.8 34.7 28.6 20.7 20.7 25.8 

"' IVO Via Vllb,c,j,k lla,e,f,g, Vllla,b,d,e All areas 

3'rd0 3'rd0 3'rd0 3'rd a 3'rd a 3'rd0 3'rd a 
Age leng1h (cm) engttl (cm 'enoth (cm enalh (cm ~""'•= englh (cm length(cm) 

o 0.0 00 0.0 00 00 0.0 0.0 

1 21.0 21.0 0.0 0.0 00 0.0 21.0 

2 00 0.0 23.0 23.2 22.3 22.2 22.3 

3 25.0 25.0 24.2 24.2 23.2 23.1 23.4 

4 26.0 26.0 25.1 25.0 24.2 24.0 24.6 

5 28.5 28.5 26.1 26.1 252 24.8 25.9 

6 29.8 29.8 27.1 27.0 27.0 0.0 27.2 

7 30.3 30.3 27.9 27.9 0.0 0.0 28.0 

' 30.9 30.9 28.5 28.5 0.0 0.0 28.6 

9 309 31.0 29.2 29.2 0.0 0.0 29.3 

10 31.2 31.2 30.2 302 0.0 00 30.3 

11 32.3 32.6 30.2 30.2 o.a 0.0 303 

12 31.9 32.0 30.7 303 0.0 0.0 306 

13 33.1 33.1 31.0 31.0 o.a 0.0 31.3 

14 33.9 34.2 31.5 31.5 0.0 0.0 33.2 

"• 34.7 34.7 31.3 31.3 0.0 00 31.8 

G-15+ 31.8 31.9 28.1 27.3 23.5 22.9 25.9 

"' IV o Via Vllb,c,j,k IV' la,e,f,g.~ Vllla,b,d,ej All areas 

4'1h0 4'th a 4Th O 4'1h0 4'th0 4'th a 4'th a 
Age leng1h(cm) jength(cm lenalh(cm lenQih(cm length(cm length(cm length(cm) 

o 0.0 0.0 00 0.0 0.0 0.0 00 

1 21.0 21.0 21.0 0.0 18.5 18.5 19.0 

2 0.0 0.0 0.0 23.5 22.4 21.2 22.3 

3 25.0 25.0 25.0 24.2 23.4 22.8 23.5 

4 26.0 26.0 26.0 24.9 24.8 24.9 24.9 

5 28.5 28.5 28.5 26.1 25.8 25.8 26.4 

6 29.8 29.8 29.8 26.5 26.6 26.4 28.2 

7 30.3 30.3 30.3 28.0 27.4 27.7 28.6 

8 30.9 30.9 309 28.5 279 28.5 29.2 

9 30.9 30.9 30.9 00 28.2 29.0 29.3 

10 31.2 31.2 31.2 0.0 28.9 30.5 30S 

11 32.3 32.3 32.3 0.0 00 0.0 32.3 

12 31.9 31.9 31.9 27.5 30.5 30.5 31.6 

13 33.1 33.1 33.1 00 0.0 0.0 33.1 

14 33.9 33.9 33.9 0.0 0.0 0.0 33.9 

15• 34.7 34.7 34.7 00 29.5 0.0 34.0 

Q-15+ 31.8 31.8 31.8 25.4 24.4 24.3 26.4 
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Table 6.4.2.2 Weight (g) at age of WESTERN HORSE 

MACKEREL by quarter and by Oivision(s) 

in 1997. 

l lo IV o Via Vllb,c,j,k Ua,e,t,g, Vllla,b,d,e All areas 

2'ndQ 2'nd0 2'ndQ 2'nd0 2'nd0 2'nd0 2'ndQ 

~ W81Qhi(Q) weight(g) weight(al weiahl(a\ weight(g) W81Qhl(g) weiiflt(g) 
o o o o o o o o 
1 o 100 o o 33 33 33 
2 o o o 101 51 51 52 
3 o 15<) o 122 71 71 80 
4 o 175 o 146 o o 146 
5 o 218 o 148 129 129 147 
6 o 251 o 162 o o 164 
7 o 260 178 180 200 200 183 
8 o 290 o 191 o o 192 
9 o 277 239 205 o o 206 
10 o 288 291 216 o o 218 
11 o 325 309 216 o o 219 
12 o 302 287 225 o o 229 
13 o 329 320 261 o o 270 
14 o 341 308 242 o o 256 

15+ o 388 344 233 o o 273 
0-15+ o 303 316 192 60 60 146 

"' IV o Via Vllb.C,J,k lla,e,1,g, Vllla,b,d,e All areas 

3'rd0 3'rd0 3'rdQ 3YdQ 3'rd0 3'rd0 3'rd0 
Age W91Qhl (g) weight(g) weight (g) weight (g) W91Qhl (g) weight (g) weight(g) 
o o o o o o . o o 
1 100 100 o o o o 100 
2 o o 104 108 95 94 96 
3 150 150 123 121 105 107 109 
4 175 175 139 134 115 116 125 
5 218 218 156 151 132 125 148 
6 251 251 173 171 1<5 o 169 
7 260 260 183 185 o o 188 
8 290 290 197 195 o o 199 
9 277 278 214 214 o o 217 
10 288 288 230 230 o o 238 
11 325 326 228 228 o o 231 
12 302 304 233 226 o o 234 
13 329 329 238 238 o o 249 
14 341 346 254 254 o o 314 
15+ 388 388 237 237 o o 260 

0-15+ 304 304 190 175 108 104 152 

"' IV o Via Vllb.c,i.k lla,e.f,g, Vllla.b.d.E! All areas 

4'th a 4'th0 4'th0 4'1h a 4'1h0 4'th0 4'th a 
Age W81Qht(g) weight(g) weight(q) weight{g weight(g) weight(g) weight(g) 

o o o o o o o o 
1 100 100 100 o 54 54 63 
2 o o o 113 88 85 89 
3 150 150 150 119 100 101 102 
4 175 175 175 131 120 141 123 
5 218 218 218 141 135 157 152 
6 251 251 251 164 153 170 204 
7 260 260 260 191 165 187 204 
8 290 290 290 190 169 203 223 
9 277 277 277 o 171 20' 216 

10 286 268 268 o 193 271 272 
11 325 325 325 o o o 325 

12 302 302 302 173 209 209 291 
13 329 329 329 o o o 329 
14 341 341 341 o o o 341 

15+ 388 386 368 o 166 o 381 
0-15+ 304 303 303 139 116 131 168 

. 
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Table 6.5.2.1 Western Horse mackerel catch numbers at age. 

Run title ' western Horse Mackerel 1997 W.G. 

At 6/10/1998 13:39 

Tab le l Catch nwnbers at. age Numbers*l0**-3 
YEAR, 1982, 1983' 1984, 1985, 1986, 1987, 

AGE 
o, O, O, O, O, o, o, 
l, 2523, 5668, o, 1267, o, 83, 
2' 14320, 1627 l 183682, 3802, o, 414, 
3' 91566, 23595, 3378, 467741, 1120, o, 
4, 7825, 38374, 27621, 3462, 489397, 2476, 
5, 8968, 11005 l 114001, 32441, 6316, 748405, 
6, 7979, 31942, 17009, 77862, 47149, 1730, 
7, 6013' 37775, 29105, 9808, 79428, 34886, 
8, 1122, 12854, 25890, 12545, 18609, 76224, 
9' 281, 2360, 11230, 4809, 15328, 9854, 

10, 1122, 3948, 3121, 7155, 11052, 8015, 
11, 4473, 2428, O, 263' 2255, 16252, 
12, 12560, 12204, 486, 659' 746, 7484, 
13, 19489, 17142, 1337 l 2888, 619, 1173 l 

14, 13205, 27505, 3866, 970, 211, 168, 
+gp, 5579, 33335, 38732, 27005, 37295, 27613' 

o TOTALNUM, 197025, 261762, 459458, 652677, 709525, 934777, 
TONSLAND, 41588, 64862, 73625, 80521, 105665, 156247, 
SOPCOF %, 99, 99, 101, 99, 98, 100, 

Tab le 1 Catch numbers at age Numbers*10**-3 
YEAR, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 

AGE 
O, 767, O, O, 3230, 12420, O, 2315' o' O, O, 
l, 23975, O, 19117, 19570, 83830, 94250, 15324, 50843, 4036, 3726, 
2' 5354, o, 42191' 47240, 24040, 49520, 796606, 411412, 615759, 417131, 
3' 1839, 18860, 130153, 13980, 66180, 7700, 104631, 382838, 841304' 703250, 
4, 3856, 16604, 57561, 187410' 50210, 52870, 49463, 198181, 157053, 390150, 
5, 16616' 4821, 31195, 126310, 243720, 83770, 40466, 52812, 67924, 232246, 
6, 824940' 13169, 9883, 68330, 110620, 307370, 26961, 85565, 45939, 113310, 
7, 10613' 1159554, 19305, 19000, 42840, 124050, 205842, 26425, 48597, 120872' 
8, 34963, 10940, 1297370, 21090, 14202, 65790, 87767, 230028, 49091, 122686, 
9, 59452, 53909, 34673, 1173940, 17930, 25250, 37045, 107838, 44193' 104158, 

10, 8531, 75496, 66058, 21140, 1063910, 3250, 40453, 95799, 48439, 96225, 
11, 14301, 12629, 95505, 13060, 12000, 1177060, 21847, 58051, 89046' 77847, 
12, 15158, 21975, 14040, 51200, 22750, 6420, 909325, 62531, 65209, 148279, 
13, 4537, 12471, 32496, 9710, 69970, 16110, 9861, 1044929, 54915' 80338, 
14, 4285, 8162, 16935, 9000, 12110' 52610, 14411, 38647' 343831, 36013' 

+gp, 28378, 16468, 53023, 49400, 32200, 33490, 37138, 149957, 165073, 240744, 
o TOTALNUM, 1057565' 1425058, 1919505, 1833610, 1878932, 2099510, 2399455, 2995856, 2640409' 2886975, 

TONSLAND, 188100, 268867 l 373463, 333600, 368200, 432000, 347842, 512995, 396448, 442 571' 
SOPCOF %, 95, 97, 100, 102, 99, 100, 90, 101, 101, 100, 

1 
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Table 6.5.2.2 Western Horse mackerel Catch wcight.s. at age. 

Run tit le ' western Horse Mackerel 1997 W.G. 

At 6/10/1998 13:39 

Tab le 2 Cat.ch weights at age (kgl 
YEAR, 1982, 1983' 1984, 1985, 1986, 1987, 

AGE 
O, .0150, .0150, .0150, .0150, .0150, .0150, 
l, ,0540, .0390, .0340, .0290, .0290, . 0680, 

2' .0900, .1130 l . 0730, .0450, .0450, . 0670, 

3' .1420, .1240, .0890, . 0870, . 1100, . 1100, 
4, .1780, .1680, .1300, .1500, .1070, .1550, 
5, .2270, . 2290, .1760, .1560, .1710, .1430, 
6, .2730, .2470, .2160, .1990, .1960, .1740' 
7, .2760, .2820, .2450, .2430, .2230, .1980' 
8, .2920, .2810, .2780, -2 560' .2510, . 2490' 
9, .3050, .2540, .2620, .2940, .2960, . 2640, 

10, .3690, .2600, .2590, .2570, . 2800 l . 3210, 
11, . 3480' .3000, .2550, .2410, .3190, .3360, 
12, . 3480, . 3100, .3440, .2510, .2870, .2440, 
13, . 3480, . 3150, .2320, .3140, .3450, .3280, 
14, . 3 560 l . 3110, .3060, .3460, .2600, . 2450, 

+gp, . 3 660' . 3320, .3080, .3210, .3600, .3730, 
o SOPCOFAC, .9908, .9886, 1.0126, .9945, . 9 834' .9964, 

Ta ble 2 Catch weights at age (kg) 
YEAR, 1988, 1989' 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 

AGE 
o, .0150, . 0120, . 0150' . 0120, .0080, .0100, .0210, .0150, .0150, .0150, 

l' .0310, .0500, .0320, .0310, .0140, . 0330, .0370, .0380, . 0590' .0390, 
2, .07501 .0750, .0310, .0460, .0920, .0830, .05201 .0520, . 0780, . 0750, 
3, .1140, .1490, .0900, .1130, .1170, .1200, .1060, .0730, .0900, .0930, 
4, .1320, .1420, .1240, .1250, .1390, .12601 .1240, .0890, .1250, .1090, 
5, .1470, .1420, .1260, .1480' .1430, .1420, .1580, .1260, .14101 .1420, 
6, .1570, .2200, . 1290, .1410' . .1570, .1540, .1530, .1300' .1550, . 1800 l 

7, .2400, .1660, .20201 .1440, .1630, .1630, .1670, .1700, .1660, .1890, 
8, .3040, . 2 580' .1830, .1870, .1720, .1830, .1940, .1760, .1770, .1990, 

9' . 3350' . 3270, .2270, .1850, . 2350' .1990, .1990, . 2000, .1910, .2080, 
10, .3860, . 3300, .3200, .2150, .2220, .1770, .2800, . 2040, .2060, .2350, 
11, .4340, .3810, .3280, .3030, .2880' '2380, .2750' . 2220, .2240, .2380, 

12' .4040, .40001 .3550, .3230, . 3060, . 3080' . 2400' .2150, .23301 .2460, 
13, .3310, .4210, .3990, .3540, .3590, . 3270' . 3260, .2460, .2290, .2720, 
14, .3920, .4480, .3880, .3650, . 3 930 l . 3760, .3420, . 2370, .2800, .3020, 

•gp, .4240, .5160, . 3790, . 33 00 l .4010, .4210, .3830, .2980, .3320, .2890, 
o SOPCOFAC, . 9511, .9685, 1. 0033' 1.0168, .9859, .99731 .9000, l. 0059' 1.0055, 1.0022, 
l 
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Table 6.5.2.3 Western horse mackerel stock weights at age 

Run tit le ' western Horse Mackerel 1997 W.G. 

At 6/10/1998 13:39 

Tab le 3 Stock weights at age (kg) 
YEAR. 1982, 1983, 1984, 1985, 1986' 1987, 

AGE 
o, .0000, .0000, .0000, .0000, . 0000, . 0000, 
1, .0000, .0000, .0000, .0000, .0000, .0000, 
2' .0500, .0500, .0500, .0500, .0500, .0500, 
3, .0800, .0800, .0770, .0810, .0800, .0800, 
4, .2070, .1710, . 1220, .1480, .1050, . 1050 . 
5' .2320, -2270, .1550, .1400, .1340, .1260, 
6' .2690, .2570, .2010, .1930, .1690, .1500, 
7, . 2800, .2760, .2230, .2360, .1950, .1710, 
8, .2920, .2700, . 2530' .2420, .2420, . 2180 l 

9' . 3050, .2430, .2460, .2890, .2920, .2540, 
10, . 3 690' .3900, .3380, .2470, .2620, .2810, 
11, . 3440, -3 050' .3000, . 3000, .3000, .2910, 
12, -3480' . 3 090' .3000, .3000, . 3000, .2970, 
13, .3480, . 3110, .3000, .3250, . 3000, .3030, 
14, .3610, .3120, .3050, .32501 .3000, . 3030 l 

+gp, .3640, .31001 .2850, .3030, . 34601 . 3390 l 

Tab le 3 Stock weights at age l kgl 
YEAR, 19881 1989 l 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 

AGE 
O, .0000, .0000, .0000, . 00001 .00001 .0000, .00001 .0000, .0000, .0000, 
1, .0000, .0000, .0000, .0000, .00001 . 0000, . 0000, .0000, .0000, .0000 l 

2' .0500, .0500, .0500, .0500, -0500, -0500, . 05001 .0500, . 0500, .0500, 
3' .0800, .0800, .0800, .0800, -08001 . 0800, . 08001 .0660, .09501 .12201 
4, .1050, .1050, .1050, . 1210 l .10501 .1050, .10501 .11901 .1180, .13001 
5' .1260, .1030, .1270, .13701 .1330, . 153 o l .14701 .0960, .1290, .14001 
6' .1410, .1310, .1350, .14301 .1510 l .1660 l .1850, .15201 .1480, .14801 
7, .1430, .1590, .1240, .1440, .1500, .1730, .16901 .16601 .17201 .17101 
8' .2170, .1270, .1540, .1500, .1580, .17201 .1910, .17801 .18301 .18801 
9' .2740, .21001 .17401 .1820, .1600, .1700, .1910, .1870, .18501 .2010 l 

10, . 3050, .2520, .2820 l .1890 l .1820, .2060, .19001 .1970, .2020, .2060, 
11, . 3370, .2630, .2720, . 2 660. .29201 . 2110, .1970, .1870, . 2060, . 2 090 l 

12, . 3 520. -3 020' .4040, .2950, .2110, .2580, .2310, .2290, .2170, .2200' 
13, . 3 610' . 4110' .4040, .3490, .2450, .2880, .2700, .2180, . 2210' .2310, 
14, . 3520 l . 3 830' .4040, .3610, .3610, .3380, .2700, .2720, . 2370, . 2320' 

+gp, . 3900, . 3 580' .4040, . 3810' .4030, .4050, . 3380, . 3480, . 273 o l . 2330' 
1 
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Table 6.5.2.4 Western horse mackerel proportion mature at age. 

Run tit le ' Western Horse Mackerel 1997 W.G. 

At 6/10/1998 13:50 

Tab le 5 Proportion mature at age 
YEAR, 1982, 1983, 1984, 1985, 1986, 19 87' 

AGE 
o, . 0000 l .0000, .0000, .0000, .0000, .0000, 
l, .0000, .0000, .0000, . 0000, .0000, .0000, 
2, . 4000, .3000, . .1000, .1000, .1000, .1000, 
3, .8000, .7000, .. 6000, .4000, .4000, .4000, 
4, 1.0000, l. 0000' . 8500, .8000, .6000, .6000, 
5, L 0000, 1.0000, l. 0000' .9500, .9000, .8000, 
6, 1.0000, 1.0000, l. 0000 l l. 0000 l 1.0000, l. 0000' 
7, l. 0000 l l. 0000 l 1.0000, l. 0000' l. 0000 l 1.0000, 
B, 1. 0000 l l. 0000' l. 0000 l l. 0000' l. 0000' l. 0000 l 

9, 1.0000, l. 0000, l. 0000, l. 0000, 1. 0000 l l. 0000' 
10, 1.0000, l. 0000' l. 0000 l l. 0000' 1.0000, l. 0000' 
11, 1.0000, 1.0000, l. 0000 l 1.0000. l. 0000 l 1. 0000 l 

12, l. 0000 l l. 0000 l 1.0000, 1.0000, l. 0000. 1.00001 
13, l. 0000. L 00001 1.0000, 1.00001 1.0000, 1.0000, 
14, 1.0000, l. 0000' l. 0000' l. 0000' l. 0000 l 1.0000, 

+gp, 1.0000, l. 0000' 1.0000, l. 0000 l 1.0000, 1.0000, 

Tab1e 5 Proportion rnature at age 
YEAR, 1988, 19891 19901 1991, 1992, 19931 1994, 19951 1996, 1997, 

AGE 
o, .0000, .0000, .0000, .0000, . 0000, .00001 .0000, . 00001 .0000, . 0000, 
l, .0000, .0000, .0000, . 0000, .0000, .0000, .0000, . 00001 .oooo, .00001 
2, .1000, .1000, .1000 l .10001 .10001 .1000, .1000, .1000, .1000, .1000, 
3, .4000, .4000, .40001 .4000, .4000, .4000, .4000, .4000, .40001 .4000, 
4, . 60001 .6000, .6000, .6000, .6000, . 6000, . 6000, .6000, .6000, .6000, 
5, . 8000, .8000, .8000, .8000, .8000, . 8000, . 8000, .8000, .80001 .8000, 
6, l. 0000 l l. 0000' l. 0000' 1.0000, l. 0000 f 1.0000, 1.0000, l. 0000. l. 0000' l. 0000 l 

7, 1.0000, L 0000, 1.0000, l. 0000 l l. 0000' 1.0000, l. 0000. L 0000 l l. 0000' 1.0000, 
8, l. 0000 l l. 0000 l 1.0000, l. 0000' l. 0000 l l. 0000' l. 0000. 1.0000, 1.0000, l. 0000 l 

9, l. 0000, l. 0000' l. 0000, 1.0000, l. 0000' L 0000, 1.00001 l. 0000 l 1.00001 1.0000, 
lO, l. 0000' l. 0000' 1.0000, l. 0000' 1.0000, 1.0000, l. 0000 l 1.0000, l. 0000 l l. 0000 l 

11, l. 0000' 1.0000, 1.0000, l. 0000' 1.0000, 1.00001 l. 0000. l. 0000 l 1.0000, 1.0000, 
12, 1.00001 l. 0000' l. 0000' l. 0000' 1.00001 1.00001 1.0000, 1.0000, 1.0000, 1.0000, 
13, 1.00001 1.00001 l. 0000' 1.00001 l. 0000. 1.00001 1.0000, 1.0000, l. 0000 l 1.00001 
14, l. 0000 l l. 0000 l 1.00001 1.0000, l. 0000 l 1. 0000 l l. 0000 l 1.0000, l. 0000 l l. 0000' 

+gp, l. 0000' 1.0000, l. 0000 l 1.0000, 1.0000, 1.0000, 1.0000, l. 0000 l l. 0000. 1.0000, 
l 
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u. 
-o 

Percentile 

Table 6.5.3.1 Western Horse Mackerel. Summary results of Bayesian stock assessment. 
Percentiles of the distribution of fishing mortality relative to natural mortality (Population mean 
fishing mortality over ages 4 to 14 divided by natural mortality), spawning stock size, and 
recruitment by year from 1982-1996. Percentiles calculated from 1000 drawn parameter vectors 
from the Markov Chain. 

a. Fishing Mortality relative to Natura! Mortality ( F 4-14w/M) 

1982 1983 1984 1985 1986 1987, 1988 1989 
5 0.22 0.31 0.40 0.26 0.21 0.32 0.38 0.56 

25 0.36 0.51 0.63 0.41 0.33 0.49 0.57 0.84 
50 0.51 0.71 0.86 0.55 0.44 0.64 0.74, 1.06 

751 0.63 0.87 1.05, 0.67 0.54 0.77 0.90i 1.30 
95 0.75' 1.05 1.261 0.81 0.64 0.91 1.06

1 

1.56 
Expectation J 0.50 0.69 0.841 0.54 0.43 0.63 0.731 1.07 

5 
25 
50 

5 
25 
50 
75 
95 

b. Spawning Stock Size (Thousand tat spawning time) 

c. Recruitment (Millions of fish aged O) 

d. Natura! Mortality (all ages) (approx.) 

Percentile 1M 
5, 0.052 

25 0.055 
50 0.063 

751 
0.077 

95 0.103 
E~ctation 0.070 

1990 1991 
0.75 0.62 
1.09 1.17 
1.41 1.50 
1.69 1.79 
2.04 2.17 
1.39 1.49 
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1992 1993 19941 1995 1996 1997 

09~1 1.25 1.10 1.60 0.95 1.98 
1.29 1.73 1.53 2.49 1.34 2.66 
1.64 1 2.18 1.93 3.15 1.69 3.67 
1.96 2.65 2.37 3.66 2.12 4.66 
2.43 3.31 3.00 5.13 2.88 6.70 
1.64 2.20 1.~7 3.25 1.77 3.88 
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Table 6.6.1 Western Horse Mackerel. Catch option table, calculated as expectation and percentiles of Bayes 
posterior distributions. (a) SSB, catch and F/M in 1998, (b) SSB in 1999, for F=M or catch =50 to 400Kt in 1999; 
(c) SSB in 2000, for F=M or catch =50 to 400Kt in 1999 and 2000; (d) Catch corresponding to F=M: (e) FIM in 
1999; (l) FIM in 2000 

(a) 
1998 Estimated Risk in 1998 

Expected Percenliles 
. 

25% l 50% 75% P(SSB<500,000t P SSB<SSB(1983 
SSB (Thousand t) 1032 728 .1. 972 1251 
Catch (Thousand t) 400 no uncjrtainty admitted 0.06 0.46 
F(4-14,w)/M 5.49 3.88 5.07 6.52 

SSB in 1999 (Kt) Risk in 1999 

940 
945 618 885 1174 0.14 0.55 

100 927 601 867 1155 0.16 0.57 
200 889 563 831 1118 0.19 0.60 
300 849 521 791 1080 0.23 0.64 

(c) 
SSB in 2000 (Kt) Estimated Risk in 2000 

Catch IThousand t) Exoected Percentiles 
. 25% 50% 75% P SSB<SOO,OOOt P(SSB<SSB 1983 

Catch for F=M 1015 672 951 1262 0.00 0.00 
50 Kt in 1999 and 2000 1032 671 967 1297 0.11 0.47 
100 Kt in 1999 and 2000 972 612 905 1235 0.16 0.53 
200 Kt in 1999 and 2000 849 489 781 1112 0.26 0.63 
300 Kt in 1999 and 2000 727 365 660 986 0.36 0.74 
400 Kt in 1999 and 2000 611 239 530 856 0.47 0.83 

(d) 
Catch for F=M 

Catch (Thousand ti Exoected Percentiles 
25% 50% 75% 

1999 66 48 61 79 
2000 69 52 65 82 

(e) 
Fishing Mortality Relative to Natural Mortality in 1999, for catch 
options in 1999 =50 to 400 0001 and catch in 1 998=400 OOOt 
Catch in 1 999 (Thous. !l l Expected Percentiles 

25% 50% 75% 
50 0.75 ' 0.50 0.67 0.89 

100 1.54 1.01 1.37 1.83 
200 3.33 

l 

2.10 

i 

2.88 3.92 
300 5.39 3.29 4.55 6.41 
400 7.67 4.60 6.47 9.34 

1n 
Fishing Mortality Relative to Natural Mortality in 2000, for catch 
options in 1999 -2000 = 50 to 400 0001 and catch in 1998=400 OOOt 
Catch in 1999 and 2000 Expected Percentiles 
(Thousand t) 25% 50% 75% 

50 0.69 0.47 0.62 0.82 
100 1.52 0.98 1.32 1.79 
200 3.85 2.21 3.10 4.40 
300 7.21 3.79 5.52 8.71 
400 10.70 5.87 9.12 14.92 
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Table 6.8.1.1. Western Horse Mackerel: Input to the AD APT asscssmcnt. a.: Catch in numhcrs. b.: Mcan weight at age in the catch. 

a. Catch in numbers (canum) 
Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
o o o o o o o 767 o o 3230 12420 o 2315 o o o 
l 2523 5668 o 1267 o 83 23975 o 19117 19570 83830 94250 15324 50843 4036 3726 
2 14320 1627 183682 3802 o 414 5354 o 42191 47240 24040 49520 796606 411412 615759 417131 
3 91566 23595 3378 467741 1120 o 1839 18860 130153 13980 66180 7700 104631 382838 841304 703245 
4 7825 38374 27621 3462 489397 2476 3856 16604 57561 187410 50210 52870 49463 198181 157053 390131 
5 8968 11005 114001 32441 6316 748405 16616 4821 31195 126310 243720 83770 40466 52812 67924 231570 
6 7979 31942 17009 77862 47149 1730 824940 13169 9883 68330 110620 307370 26961 85565 45939 112433 
7 6013 37775 29105 9808 79428 34886 10613 l 159554 19305 19000 42840 124050 205842 26425 48597 120131 
8 l 122 12854 25890 12545 18609 76224 34963 10940 1297370 21090 14202 65790 87767 230028 49091 122121 
9 281 2360 11230 4809 15328 9854 59452 53909 34673 1173940 17930 25250 37045 107838 44193 103944 
lO 1122 3948 3121 7155 11052 8015 8531 75496 66058 21140 1063910 3250 40453 95799 48439 95516 
Il 4473 2428 o 263 2255 16252 14301 12629 95505 13060 120001177060 21847 58051 89046 79553 
12 12560 12204 486 659 746 7484 15158 21975 14040 51200 22750 6420 909325 62531 65209 148103 
13 19489 17142 1337 2888 619 l 173 4537 12471 32496 9710 69970 16110 9861 1044929 54915 80255 
14 13205 27505 3866 970 211 168 4285 8162 16935 9000 12110 52610 14411 38647 343831 38548 
15+ 5579 33335 38732 27005 37295 27613 28378 16468 53023 49400 32200 33490 37138 149957 165073 239225 

b. Mean weight at age in the catch (kg) (weca) 
Age 1982 1983 1984 1985 1986 
o o 015 0.015 0.015 0.015 0.015 
l 0.054 0.039 0.034 0.029 0.029 
2 0.090 0.113 0.073 0.045 0.045 
3 0.142 0.124 0.089 0.087 0.110 
4 0.178 0.168 0.130 0.150 0.107 
5 0.227 0.229 0.176 0.156 0.171 
6 0.273 0.247 0.216 0.199 0.196 
7 0.276 0.282 0.245 0.243 0.223 
8 0.292 0.281 0.278 0.256 0.251 
9 0.305 0.254 0.262 0.294 0.296 
lO 0.369 0.260 0.259 0.257 0.280 
Il 0.348 0.300 0.255 0.241 0.319 
12 0.348 0.310 0.344 0.251 0.287 
l3 0.348 0.315 0.232 0.314 0.345 
14 0.356 0.311 0.306 0.346 0.260 

15+ 0.366 0.332 0.308 0.321 0.360 

1987 
O.Ql5 
0.068 
0.067 
O.l lO 
0.155 
0.143 
0.174 
0.198 
0.249 
0.264 
0.321 
0.336 
0.244 
o 328 
0.245 
0.373 

1988 
O.Ql5 
0.031 
0.075 
0.114 
0.132 
0.147 
0.157 
0.240 
0.304 
0.335 
0.386 
0.434 
0.404 
0.331 
0.392 
0.424 

1989 
0.012 
0.050 
0.075 
0.149 
0.142 
0.142 
0.220 
0.166 
0.258 
0.327 
0.330 
0.381 
0.400 
0.421 
0.448 
0.516 

1990 
0.015 
0.032 
0.031 
0.090 
0.124 
0.126 
0.129 
0.202 
0.183 
0.227 
0.320 
0.328 
0.355 
0.399 
0.388 
0.379 
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1991 
0.012 
0.031 
0.046 
0.113 
0.125 
0.148 
0.141 
0.144 
0.187 
0.185 
0.215 
0.303 
0.323 
0.354 
0.365 
0.330 

1992 
0.008 
0.014 
0.092 
0.117 
0.139 
0.143 
0.157 
0.163 
0.172 
0.235 
0.222 
0.288 
0.306 
0.359 
0.393 
0.401 

1993 
0.010 
0.033 
0.083 
0.120 
0.126 
0.142 
0.154 
0.163 
0.183 
0.199 
0.177 
0.238 
0.308 
0.327 
0.376 
0.421 

1994 
0.021 
0.037 
0.052 
0.106 
0.124 
0.158 
0.153 
0.167 
0.194 
0.199 
0.280 
0.275 
0.240 
0.326 
0.342 
0.383 

1995 
O.Ql5 
0.038 
0.052 
0.073 
0.089 
0.126 
0.130 
0.170 
0.176 
0.200 
0.204 
0.222 
0.215 
0.246 
0.237 
0.298 

1996 
0.015 
0.059 
0.078 
0.090 
0.125 
0.141 
0.155 
0.166 
0.177 
0.191 
0.206 
0.224 
0.233 
0.229 
0.280 
0.332 

1997 
0.017 
0.039 
0.075 
0.093 
0.109 
0.142 
0.180 
0.189 
0.199 
0.208 
0.235 
0.238 
0.246 
0.272 
0.302 
0.289 

" 
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Ta ble 6.8.1.1. (continued) Western Horse Mackerel: Input to the ADAPT assessmenl. c.: Mean weight at age in the stock. d.: Proportion of fish 

N mature at the start of the year. 

c. Mean weigbt at age in the stock (kg) (west) 
Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
o o o o o o o o o o o o o o o o o 

o o o o o o o o o o o o o o o o 
2 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
3 0.080 0.080 0.077 0.081 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.066 0.095 0.080 
4 0.207 0.171 0.122 0.148 0.105 0.105 0.105 0.105 0.105 0.121 0.105 0.105 0.105 O.l 19 O. l 18 O. l 12 
5 0.232 0.227 O. 155 0.140 o. 134 0.126 0.126 0.103 0.127 0.137 0.133 0.153 0.147 0.096 0.129 0.124 
6 0.269 0.257 0.201 0.193 0.169 0.150 0.141 0.131 0.135 0.143 0.151 O. 166 O. 185 0.152 0.148 0.162 
7 0.280 0.276 0.223 0.236 O. 195 0.171 0.143 0.159 0.124 0.144 0.150 0.173 o. 169 0.166 0.172 0.169 
8 0.292 0.270 0.253 0.242 0.242 0.218 0.217 0.127 O. 154 0.150 0.158 0.172 0.191 0.178 0.183 0.184 
9 0.305 0.243 0.246 0.289 0.292 0.254 0.274 0.210 0.174 0.182 0.160 0.170 0.191 0.187 0.185 0.188 
lO 0.369 0.390 0.338 0.247 0.262 0.281 0.305 0.252 0.282 O. 189 0.182 0.206 0.190 0.197 0.202 0.208 
Il 0.344 0.305 0.300 0.300 0.300 0.291 0.337 0.263 0.272 0.266 0.292 0.21 l 0.197 0.187 0.206 0.197 
12 0.348 0.309 ().300 0.300 0.300 0.297 0.352 0.302 0.404 0.295 0.211 0.258 0.231 0.229 0.217 0.226 
13 0.348 0.31 l 0.300 0.325 0.300 0.303 0.361 0.41 l 0.404 0.349 0.245 0.288 0.270 0.218 0.221 0.236 
14 0.361 0.312 0.305 0.325 0.300 0.303 0.352 0.383 0.404 0.361 0.361 0.338 0.270 0.272 0.237 0.260 

15+ 0.364 0.310 0.285 0.303 0.346 0.339 0.390 0.358 0.404 0.381 0.403 0.405 0.338 0.348 0.273 0.256 

d. Prol!ortion of fish matnre (matl!rol!) 
Age 1982 1983 1984 1985 1986 1987 1988-2004 

o o o o o o o o 
l o o o o o o o 
2 0.40 0.30 0.10 0.10 0.10 0.10 0.10 
3 0.80 0.70 0.60 0.40 0.40 0.40 0.40 
4 l l 0.85 0.80 0.60 0.60 0.60 
5 l l l 0.95 0.90 0.80 0.80 
6 l l l l l l l 
7 
8 
9 
lO 
11 
12 
13 
14 

15+ 
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Table 6.8.1.2. Western Horse Mackerel: Historical assessment (output from ADAPT). a.: Fishing mortality. Stock numbers weights mean weighted 
F. 

Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
o o o o o o o 0.000 o o 0.002 0.003 o 0.001 o o 0.001 
l 0.001 0.000 o 0.000 o o 0.005 o 0.009 0.012 0.047 O.D25 0.003 0.014 0.003 0.012 
2 0.007 0.001 0.004 0.002 o 0.000 0.002 o 0.023 0.025 0.017 0.033 0.290 0.113 0.225 0.493 
3 0.017 0.013 0.002 0.011 0.001 o 0.001 0.008 0.039 0.009 0.042 0.006 0.087 0.208 0.332 0.405 
4 0.006 0.008 0.018 0.002 0.013 0.002 0.002 0.005 0.028 0.069 0.038 0.040 0.048 0.223 0.117 0.239 
5 0.007 0.010 0.029 0.025 0.005 0.024 0.014 0.003 0.011 0.074 0.114 0.078 0.037 0.063 0.105 0.239 
6 0.007 0.030 0.018 0.023 0.044 0.002 0.032 0.013 0.007 0.030 0.081 0.194 0.031 0.098 0.068 0.239 
7 0.010 0.041 0.033 0.012 0.028 0.039 0.011 0.054 0.022 0.015 0.022 o. 117 0.182 0.036 0.070 0.239 
8 0.003 0.025 0.034 0.017 O.o28 0.033 0.048 0.014 0.075 0.028 0.013 0.041 0.107 0.300 0.083 0.239 
9 0.012 0.007 0.026 0.008 0.025 0.018 0.030 0.092 0.052 0.086 0.029 0.027 0.028 0.176 0.081 0.239 
lO 0.050 0.222 0.011 0.019 0.020 O.QI5 0.018 0.047 0.147 0.039 0.099 0.006 0.053 0.088 0.106 0.239 
Il 0.093 0.137 o 0.001 0.007 0.036 0.033 0.032 0.073 0.037 0.026 0.144 0.050 0.095 0.105 0.239 
12 0.057 0.369 0.035 0.058 0.004 0.028 0.040 0.061 0.043 0.048 0.079 0.017 0.149 0.185 0.139 0.239 
13 0.065 0.097 0.059 0.280 0.067 0.007 0.020 0.040 0.114 0.036 0.081 0.070 0.031 0.241 0.232 0.239 
14 0.037 0.116 0.027 0.052 0.028 0.022 0.029 0.044 0.067 0.040 0.054 0.077 0.079 0.152 0.110 0.239 

IS+ 0.037 0.116 0.027 0.052 O.D28 0.022 0.029 0.044 0.067 0.040 0.054 0.077 0.079 0.152 0.110 0.239 
mean }4~5-14 

unweighted 0.034 0.105 0027 0.050 0.026 0.022 0.028 0.040 0.061 0.043 0.060 0.077 0.075 0.143 0.110 0.239 
weighted 0.018 0.037 0.028 0.020 0.024 0.024 0.031 0.048 0.063 0.068 0.082 0.116 0.108 0.176 0.104 0.239 

mean F2·4U 0.010 0.007 0.008 0.005 0.005 0.001 0.001 0.004 0.030 0.034 0.032 0.027 0.142 0.181 0.225 0.379 

-2l 
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~ Table 6.8.1.2. (continued) Western Horse Mackerel: Historical assessment (output from ADAPT). b.: Population numbers. c.: Median spawning stock biomass. d.: 
Spawning Stock Biomass as estirnatcd from egg survcy.s (observed) and as fitted to these observations (expected). e.: Totallandings. f.: Recruitment at age l. 

b. Population numbers (thousands) 
Age 1982 1983 1984 
o 73377 2843 4053 
l 2530 63156 2447 
2 2299 2175 54354 
3 6035 1965 1871 
4 1388 5110 1670 
5 1342 1187 4362 
6 1180 1147 1012 
7 669 1008 958 
8 410 570 833 
9 25 352 479 
10 25 21 300 
Il 54 20 15 
12 246 42 15 
13 335 200 25 
14 391 270 156 
15+ 165 327 1566 

c. Spawning stock biomass (tonnes) 
1982 1983 1984 

1985 
6294 
3489 
2106 

46613 
1607 
1412 
3649 

855 
797 
693 
402 
256 

13 
13 
21 

571 

1985 

1986 
4200 
5417 
3002 
1809 

39686 
1380 
1185 
3069 
727 
675 
592 
339 
220 

lO 
8 

1461 

1986 

1987 
5781 
3615 
4663 
2583 
1556 

33705 
1182 
976 

2568 
608 
566 
499 
290 
188 

8 
1360 

1987 

1988 
2728 
4975 
3111 
4013 
2224 
1337 

28317 
1016 
808 

2139 
515 
480 
414 
242 
161 

1067 

1988 

1989 
2823 
2347 
4260 
2673 
3452 
1910 
1135 

23608 
864 
663 

1786 
435 
400 
343 
204 
413 

1989 

1990 
2145 
2430 
2020 
3667 
2283 
2956 
1640 
965 

19246 
734 
521 

1468 
363 
324 
283 
887 

1990 

1991 
2296 
1846 
2074 
1700 
3035 
1912 
2515 
1402 
813 

15363 
599 
387 

1175 
299 
249 

1365 

1991 

1992 
4713 
1973 
1571 
1741 
1450 
2439 
1528 
2102 
1189 
680 

12137 
496 
321 
964 
248 
661 

1992 

1993 
5621 
4045 
1620 
1330 
1437 
1201 
1874 
1213 
1769 
1010 
569 

9461 
416 
255 
765 
487 

1993 

1994 
4504 
4838 
3394 
1349 
1137 
1188 
957 

1329 
929 

1462 
846 
486 

7054 
352 
205 
528 

1994 

1995 
1555 
3875 
4150 
2186 
1064 
933 
985 
798 
953 
719 

1224 
691 
398 

5230 
294 

1141 

1995 

1996 
378 

1338 
3288 
3191 
1527 
733 
754 
769 
663 
608 
519 
965 
541 
285 

3536 
1698 

1996 

1997 
3627 

325 
1148 
2261 
1970 
1169 
568 
607 
617 
525 
482 
402 
748 
405 
195 

1208 

1997 
median 2118211 2396613 2601480 3617846 4814485 5649036 6434475 5745022 5358954 5352430 4365948 4113464 3469605 2968985 2799067 1626713 

d. Observcd and expected spawning stock biomass (from egg survey estimates)(tonnes) 
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 

observed 2210000 1710000 1368000 
expected 1941728 2189600 2372595 3304681 4398250 5152663 5851241 5202140 4810152 4767621 3854716 3589389 2976209 2490533 2290680 1285355 880918 

e. Landings (tonnes) with an F constraint for 1998 (F98-F97) 
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 

41588 64862 73625 80521 105665 156247 188100 268867 373463 333600 368200 432000 347842 512995 396448 442571 257230 

f. Recruitment at age l (millions) 
1982 1983 1984 1985 1986 1987 1988 1989 1990 
2530 63156 2447 3489 5417 3615 4975 2347 2430 

0:\Acfm\ W greps\W gmhsa\Rcports\ 191J9\T -68\I-2.Doc 

1991 
1846 

1992 1993 1994 1995 1996 1997 
1973 4045 4838 3875 1338 325 

Geometric mean over yeardasses 1981 and 1983-1992 

1998 
3627 
3121 

Numbers in italics are preliminary estimates! 
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Tab 6.8.3.1 
O~tions for 

---~-

1998 F98 = F97 Catch 98 = 400 kt 
1999·2003 F=0.15 50 kt 100 kt 200 kt 300 kt 400 kt F=0.15 50 kt 100 kt 200 kt 300 kt 400 kt 

SSB (thousand tonnes) 
1998 1174 1159 1151 1161 1140 1158 1172 1187 1161 1160 1193 1171 
1999 1028 1054 1029 1003 945 923 976 1028 985 948 943 882 
2000 937 1054 991 888 753 651 896 1027 947 834 751 611 
2001 853 1060 959 780 574 396 822 1033 917 729 570 359 
2002 798 1092 953 700 425 188 777 1067 915 653 421 170 
2003 783 1175 993 654 304 78 772 1152 957 610 301 74 

Catch {thousand tonnes) 
1998 271 270 270 270 270 270 400 400 400 400 400 400 
1999 167 50 100 200 300 400 154 50 100 200 300 400 
2000 169 50 100 200 300 400 158 50 100 200 300 400 
2001 164 50 100 200 300 400 155 50 100 200 300 400 
2002 162 50 100 200 300 368 155 50 100 200 300 333 
2003 160 50 100 200 300 229 154 50 100 200 300 221 

8i 
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Figure 6.4.1.1 The age composition of the WESTERN HORSE MACKEREL in the international 

catches from 1982-1997. 
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Flgure 6.5.3.1 Western Horse Mackerel. Estimated historie stock trajectories for some population dynamics parameters. Fishing mortality 
calculated as population--weighted mean over ages 5 to 14 and referenced to natura l mortality .Square markers indicate egg survey biomass 
estimates, +1- 95% confidence intervals based on 25% CV. Bold lines, medians. Dashed lines, 25th and 25th percentiles. Dotted lines, 5th and 
95th ercentiles. 
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Population Abundance Natural Mortallty 

o.a 0.5 1.0 1.5 2.0 2.5 3.0 0.05 0.07 0.09 0.11 0.13 

Cohort Abundance (age 131n 1997) (10"9) Natural Mortallty (per Year) 

FJM in 1997 Spawnlng Blomass 1997 
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Spawning Biomass 1998 SSB in 1983 
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Flgure 6.5.4.1. Western Horse Mackerei.Estimates of posterior probability density for same key 
parameters in the stock assessment. 'F' hare is tak en as the population-weighled arithmetic mean F 
from ages 4 to 14, and is referenced to M because M is a stochastic variable. Distributions calculated 
from 4000 samples from Markov Chain thinned at intervals of 100 iterations. 
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X1: Maturity 1983 Age 4 X2: Maturity 1986 Age 4 
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X3: Meturity 1989 Age 7 (Relative) X4: Maturlty 1992 Age 1 o 
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Figure 6.5.4.2 Western Horse Mackerei.Estimates of posterior probability density tar same 
parameters of maturity proportions in the stock assessment.See section 6.7.2.2. for description of the 
expression of maturity in terms of parameters X1-X5 
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Figure 6.5.4.3 Acomparison between the Baysian assessments carried out in 1997 and 1998 
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and 2007 for increasing levels of constant exploitation expressed as F/M 
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7 SOUTHERN HORSE MACKEREL (DIVISIONS Vlllc AND IXa) 

7.1 ACFM advice Applicable to 1997 and 1998 

ACFM stated that no management objectives have been articulated. In accordancc with the precautionary approach, 
management objectives should be defined. Biological reference points consistent with these objectives need to be 
identified and implemented as a basis for advice. Fishing mortality should not be allowed to increase above its recent 
average (1994-1996) of 0.17, which is close to F""", corresponding in 1997 to a catch of 53,000 t and in 1998, 59,000 t. 
No advice was given for 1997 and the agreed TAC for Divisions VIlle and IXa is of 56,000 t. ICES recornmends that 
the TAC for this stock should only apply to Trachurus trachurus and that other species of horse mackerel be excluded. 
The present TAC includes catches of other species of horse mackerel. 

7.2 The Fishery in 1997 

Total calches from Divisions VIlle and IXa were estimated by the Working Group to be 56,770 l in 1997 whieh 
represents an increase of 27% compared with the 1996 catches. The catch by country and gear is shown in Table 7.2.l. 
The Portuguese catches show an increase of 19% whereas in the Spanish catches the increase is 31% compared with the 
1996 eatches, whieh represents the highest figure in the last len years. In 1997 the increase is due to the higher eatehes 
obtained by the Spanish purse seiners and to a lesser extent by the Portuguese trawlers and purse seiners. The large rise 
in the Spanish purse seiners catches can be explained by the falls in abundance in target species, like sardine and 
anchovy, which has forced to target others like the horse maekerel (Villamor' et al., WD 1998). The proportion of the 
catches by gear presents a similar pattern than in 1996, being the purse seiner catches the most important ones in the 
Spanish area (79% of the catches) whereas in the Portuguese waters, the trawler's catches are the majority, representing 
the 56% of the Portuguese total calch. In 1997 the artisanal Portuguese catehes deereased to half of the 1996 eatehes 
being the lowest level of the data series. 

In this area the catches of horse mackerel are relatively uniform over the year (Borges et al., 1995; Villamor et al., 
1996), although the second and third quarters show relatively higher catches than the first and fourth. This is more 
evident in 1997, possibly due to the predominance of purse seiners catches and the increased effort of this fleet during 
the spring and summer (see Table 7.2.2). 

ICES officially reported catches are requested for "horse mackerel" whose design3tion includes all the species of the 
genus Trachurus in the area, not only Trachurus trachurus L. which is the species at present under assessment by this 
Working Group. The reported cateh therefore always has to be revised by the Working Group in order to eliminate 
species of horse mackerel other than Trachurus trachurus (see Section 1.5). 

7.3 Biological Data 

7 .3.1 Catch in numbers at age 

The catch in numbers at age from all gears for 1997 are presented by quarter and area, disaggregated by Sub-division: 
VIlle East, VIlle West, !Xa North, IXa Central North, IXa Central South and IXa South (Table 7,3. L 1). Tab le 7.3.1.2 
and Figure 7 .3.1.1 present the catch in nurnbers by year. The 1982 year el ass is well represented in the catch in numbers 
at age matrix. The 1986 and 1987 year classes are strong but do not reach the extreme high le vel of the 1982 year el ass. 
The 1991 and 1992 year classes are shown as strong in the eatehes as 2, 3 and 4 age-groups diminishing in abundanee at 
age 5. The abundanee in the catches of the 1996 year dass at age l is also notieeable. 

The sampling covers l 00% of the total catch. The number of fish aged seems also to be appropriate, with a total of 
3,696 fish aged distributed by quarters. Catch in numbcrs at age have been obtained by applying a quarterly ALK lo 
each of the catch length distribution estimated from the samples of each Sub-divi.sion. The sampling intensity is 
discussed in Seetion 1.4. The data before 1985 have not yet been revised aecording to the approved ageing 
methodology. So, they have been considered inappropriate for a VPA and have not been included in the analytieal 
assessment. 

7.3.2 Mean length and mean weight at age 

Tables 7.3.2.1 and 7.3.2.2 show the 1997 mean lengths and mean weights al age in the cateh by quarter and Sub-division 
for the Spanish and Portuguese data. Tab le 7 .3.2.3 presents the weight at age in the stock and in the catch. The matrix of 
mean weights at age in the stock was calculated in the following way: for each age, the mean weight in the catch in the 
fourth quarter of each year, was averaged with the mean weight in the catch in the tlrsl quartcr of the following year. 
Then an average of averages was calculatcd for the final mean weight estimate. 
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The data befare 1985 have not yet been revised according to the approved ageing methodology and shoold therefore be 
considcred only correct for ages O and 1, ages in which both methods were in agreement. 

7.3.3 Maturity at age 

The proportions of fish mature at each age have been considered to be constant over the assessment period. The maturity 
o gi ve u sed previous to the 1992 assessment (ICES 1993/ Assess:7) presented low estimations at the age range 5 to 8 due 
to less availability of this range of fish on the catches (ICES 1993/Asscss:7; ICES 1998/Assess:6). As ACFM requested 
in 1992 the maturity ogive was smoothed as follows. The Working Gro up proposcs that recent information of maturity 
at age be analysed and presented next mecting. 

Age Group 

o l 2 3 4 5 6 7 8 9 to Il 12 

0.00 0.00 0.04 0.27 0.63 0.81 0.90 0.95 0.97 0.98 0.99 1.0 1.0 

7.3.4 Natural mortality 

According to the ageing methodology established in the ICES area (Eltink and Kuiper, 1989; ICES 1991/H:59) the life 
span for the southern horse mackerel was considered to be langer. Therefore the natura! mortality was revised (ICES 
1992/Assess:17), changing the previous levet from 0.20 to the present 0.15. The analytical assessments performed since 
1992 have not shown an y inconsistency due to this le vel of natural mortality. 

7.4 Fishery Independent Information and CPUE Indices of Stock Size 

7.4.1 Trawl surveys 

There are three survey series; The Portuguese July survey, the Portuguese October survey and the Spanish October 
survey. The two October surveys covered Sub-divisions VIlle East, VIlle West, !Xa North (Spain) from 20-500 m 
depth and, Sub-divisions !Xa Central North, Central South and South, in Portugal, from 20-750 m depth. The same 
sampling methodology was used in both surveys but there were differences in the gear design, as described in ICES 
( 1991/G: 13). The Portuguese October and Jul y survey indices and the Spanish September/October survey indices are 
estimated by strata for the range of distribution of horse mackerel in the area, which hao;o been consistently sampled over 
the years. This corresponds to the 20-500 m strata boundaries. It was demonstrated that the horse mackercl off the 
Portuguese shelfare stratified by length according to the depth and spawning time (ICES 1993/Assess:l9). This explains 
the speclal characteristics of the composition of the catches, the lower availability of fish after first maturing which 
creates a peculiar selection pattern. 

Tab le 7 .4.1.1 indicates the catch rates from research vessel surveys in Kg per tow, for comparison with the total biomass 
trend. The biomass index from the Portuguese October survey was shown to be 156% higher than obscrved in 1996 only 
surpassed in the time series by the extremely high value of 1993 biomass index. The series of the Portuguese July survey 
has a less variability in the data than that of the Portuguese October surve y. In 1997 the index is at the mean level of the 
data series. There was not Portuguese July survey in 1996. The Spanish October survey biomass index indicates a 
decrease of 46% -compared with the 1996 index. This represents a break in the upward biomass trend that can be 
obscrved since 1992. 

Tab le 7 .4.1.2 shows the number at age from the Spanish and Portugucsc bottom trawl in the October surveys and from 
the Portuguese July survey. The Spanish September/October survey series is available from 1985 to 1997 and the 
Portuguese October surve y from 1981-1997. Both are carried out during fourth quarter when the recruits have entered 
the area. In the Portuguese October survey the rccruitment (age O) observed in 1997 was the highest in the data series. 
On the contrary, in the Spanish area, the index at age O from the October survcy is the lowest value reached in the series, 
continuing the low lcvcls obtained since 1995. It seems that there exists no good agreement between these surveys in the 
abundance index for O group. In the Spanish October survcy in 1997 the strong 1986 and 1987 year classes were still 
abundant, a decrease in the yields on the range of ages from O to seven years old was evident, changing the pattern 
observed in 1996 (Table 7.4.1.2). In the Portuguese July survey there is a strong fall in the 1995 and 1997 abundancc 
indices observed in all the ages (cxccpt for younger ages in 1997) compared with those obtained in 1994 despite using 
the same vessel, sampling and gear methodology. The 19K2 year class is conspicuous in all the survey series but is 
stronger in the October Spanish bottom trawl survey. 
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7 .4.2 Egg surveys 

This was the first series of surveys carried out in the southern area for the Annual Egg Production Method (ICES 
1996/H:2). The estimate of 1995 SSB for the southern horse maekere1 from those surveys was 261 ,000 t. Data from 
horse maekerel egg surveys earried out in Spanish and Portuguese waters during 1998 are at present not avai1able. It will 
be presented to the 1999 Maekerel and Horse Maekerel Egg Surveys Working Group. 

7.5 Effort and Catch per Unit Effort 

Figure 7 .5.1 shows the evolution of the eomrnercial effort series from the Spanish trawl fleets fishing in Sub-division 
VIlle West (La Corufia) and in Sub-division VIlle East (A viles) from 1984 to 1997. The effort is at the similar low leve! 
reaehed in 1996 although in the Aviles trawl fleet a slight inerease of 12% oeeurs. 

Table 7.5.1 presents the eomrnercial eateh rates from the trawl fleet fishing in Sub-divisions !Xa Central North, IXa 
Central South and South (Portugal) from 1979 to 1990 and trawl fleets from Spain fishing in Sub-division VIlle West 
(La Corufia) and in Sub-division VIlle East (Aviles) from 1983 to 1997. A signifieant decrease in the cateh rates of the 
Spanish trawl fleets, eompared with the 1996 leve Is, oceurs, being of 38.5% and of 25% for Av iles and La Corufia trawl 
fleets respectively. The level reached by the trawl fleet operating in Sub-division VIlle West (La Corufia) is the lowest 
since 1984. Horse mackerel trawl catch rates from the Portuguese trawl tleet fishing in Division IXa are not available 
since 1991, because the effort data series is under revision. 

Catch per unit effort at age 

CPUE at age from the Galician (La Corufia) bottom trawl fleet (Sub-division VIlle West) and from the Cantabrian 
(Aviles) trawl fleet fishing in Sub-division VIlle East are available from 1984 to 1997. 

In the Galician trawl tleet a decrease in the catch rates of the ages in the range between "O" group to six years old was 
observed in 1997. The younger ages are also poorly represented in the A vi les trawl fleet in 1997. The extremcly strong 
1982 year class is still very prominent in the data for both fleets at age plus group 15 (Table 7.5.2). In 1997, the 1986 
and 1987 year classes were confirmed as being streng ones, giving high indices of abundance in both fleets. 

7.6 Recntitment Forecasting 

In 1997 the indices of the O group from the surveys carried out in the recruitment season (the Spanish and Portuguese 
Octobcr surveys) are divergent. Again in 1996 the va1ues from the Portuguese October survey were higher (Table 
7.4.1.2.). In 1994, the Spanish October survey indieated high recruitment at age O and the Portugucse Octobcr Survey 
estimated low recruitment for the 1994 year class. In 1995 both surveys indicated a low leve! of O group abundanee 
which is in agreement with the VPA estimate. 

7. 7 State of the Stock 

7.7.1 Data exploration and preliminary modelling 

All available data were used in the preliminary assessment of this stock. Given the high coherence of the time series and 
of the previous assessmcnts carried out using Extendcd Survivors Analysis (XSA), no alternative methods wcrc 
considered to be used with this stock. 

Fishing mortality coefficients were estimated using XSA. In accordance with last year's assessmcnt, the XSA parameters 
were set at eatehability independent of age for ages equal or greater than 9 years old, and the plus group at 12. 

The strength of shrinkage has a significant effect on the standard errors of the log catchability (Anon. 1995/Asscss:2). 
Stronger shrinkage (lower CVs ) inereases the standard errors for all fleets. In order to eompare the independent 
information provided by the different fleets, XSA was run separate! y for each of the fleets, without shrinkage. 

The external information used in the tuning was: 

Fleet l: Catch per unit of effort of the trawl fleet from La Coruiia (VIlle West- North Galicia) 
Fleet 2: Catch per unit of effort of the trawl fleet from Aviltis (VIlle East- Cantabrian Sea) 
Fleet 3: Portu[iuese October Trawl Survey durin[l the Recruitment season (Division lXa) 
Flee/4: Portuguese ]u/y Trawl Survey end of spawning season in Division /Xa 
Fleet 5: Spanish October trawl Survey during the recmitment season (Sub-division /Xa North and Division VIlle) 
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The slopes of the linear rcgressions between log-catchability and log-population were analysed: Fleet l, presented a 
negative slope at age O, with a low coefficient of determination, as did Fleet 2, at age l with a slightly higher coefficient 
of determination. These data were plotted and it was decided to not include those ages in the ttming, because they wcre 
not providiilg any information. For Fleet 2 it was considered also appropriate to eliminate the age range 0-4 because 
these ages presented very high standard errors. The same procedure was used for Fleet 5, age range 0-4, which did not 
perform well for young fish. Some ages in Fleets 3 and 4 also presented negative slopes, however, these were not 
statistically different from zero, hence it wasn't necessary to exclude these ages. 

Figure 7. 7 .I.l compares the SSB estimated for 1995, 1996 and 1997 by source of independent information. For the year 
1995 it is also possible to compare the estimations provided by the tleets with the 1995 egg survey SSB. Low SSB 
values were estimated from the July surveys and the highest values of SSB correspond to the estimations provided by the 
Fleet 2 operating in the Cantabrian Sea during all the year. The adults are more abundant in the area during the spawning 
season when the spawning aggregations occur. The 1995 egg survey estimation indicates a value dose to the 1995 SSB 
estimated by all the fleets and by the October Portuguese survey. The assessment performed and accepted last year 
indicates a 1995 SSB closc to the 1995 egg survey SSB. 

Thus the options for the present assessment were taken in accordance with the exploratory analysis, and keeping 
consistency with last year's assessment. 

7. 7.2 Stock assessment 

The final stock assessment was performed following the conclusions of the preliminary modelling (Section 7.7.1). 
Figure 7.7.2.1 presents the comparison of the Fs of the 1996 and 1997 assessments made with XSA, including all the 
fleets and a shrinkage of 1.00. It may be seen that for the reference Fh~ (1-11) the estimate shows an extremely dose 
agreemcnt with last year's assessment. Given the pattern of exploitation.this stock is subjected to high selection on the 
younger and older ages and a reduced availability of 4-6 years old fish in the catchcs. The cstimates of Fbar (0--3) and 
Fbar (7-11) also show a very dose agreement with last year's assessment. 

Figure 7.7.2.2 illustrates the retrospective SSB estimates performed by the final VPA, and the 1995 egg survey estimate, 
indicating a very good agreemcnt among them. 

The tuning diagnostics and final rcsults are given in Tables 7.7.2.1-7.7.2.4. Figure 7.7.2.3 shows the fish stock summary 
trends over the period 1985-1997 according LO the final assessment. 

7.7 .3 Reliability ofthe assessment and uncertainty estimation 

This assessment is very consistent with last year's assessment. The spawning stock biomass estimated from the 1995 egg 
surveys is in dose agreement with the 1995 SSB level estimated using the two October surveys, the July survey 
information and the two commercial fleets. 

7.8 Catch Predictions 

The terminal population in 1997 from the final VPA was uscd as input to the catch forecast for age groups 1 and older. 
Recruitment at age O was assumcd to be the geometric rnean of the period 1985-1994. The exploitation pattern was 
taken as the arithmetic rnean of the last three years, without scaling to the last year, which is assumed to correspond to 
the most likely exploitation in the short term. Table 7.8.1 gives the input parameters and Tables 7.8.2.a-c and Figure 
7 .8.1 show the results of the short-term predicLions of the catch and spawning stock biomass. 

At F'"""' '"' (F,~ 95-97) the prcdicted catch in weight for 1998 is 55,771 t. In 1999, assuming the same recruitment 
level, the catch at Fstatus quo is predicted to be 58,479 t. The spawning stock biomass is predicted to decrease from 
262,730 tat the bcginning of 1998 to 249,221 t in 1999 at F,u'"''"' and to 249,061 t ifthe TAC of 56,000 t is laken in 
1998. The spawning stock biomass is predicted to decrease in 2000, at Fstatusquoto 239,545 t. 

7.9 Short-Term Risk Analysis 

A sensitivity analysis was performed on aur short-term catch predictions using the methodology and software hy Cook 
(1993). The results of this analysis are shown in the plots of Figure 7.9.1. The values plotted in the barplots are 
proportional to the influence of each parameter on the finaL value of the variables of interest: the yield in 1999 and the 
SSB in 2000 (a list of the parameters is given in Tablc 7.9.1 and their input values are in Table 7.9.2). The pies on the 
right side ofFigure 7.9.1 show the relative percentages of the same valucs. 
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The p lot at the top of Figure 7 .9.2 descrihes the probability ofF( 1999) heing higher than F,..,., •~· given several values 
of yield for 1999. It can be seen that for a catch of approximately 60,000 t in 1999, the F(l999) has a 0.5 probability of 
becoming higher than F,,.,., ,~. The p lot at the bottom of Figure 7.9.2 shows the probability of the SSB in 2000 being 
lower than a given value (in abscissa) assuming Fstatus quo for the whole period (1998-2000). At present we have about 
0.5 probability of SSB in 2000 being lower than 225,000 L 

The probabilities shown in Figure 7 .9.2 were calculated by the method of Cukier et al. ( 1978), in which values for the 
state variables are repeatedly calculated introducing periodic disturbances in the parameters. Empirical distributions of 
the state variables are then obtained, from which the variability due to each parameter can be estimated by Fourier 
analysis. 

7.10 Medium-Term Predictions 

Medium-term predictions were carried out using the software WGTERMA (ICES l994/Assess:6). Predictions were 
made assuming stochastic recruitment and uncertainty in the initial population sizes. 500 simulations were performed. 
Figure 7. !O.l shows from left to right and top to bottom the stock-recruitment p lot, the evolution of the yield, of the 
recruitment and of the SSB assuming Fsums qoo ti li 2007. The dotted line rcpresents the average and solid lines the 5, 10, 
20, 50 and 95 percentiles. 

Figures 7.10.2 and 7.10.3 show the predicted values of SSB until 2000 and until 2007 assuming different Fs. F-factor 
1.0 corresponds to Fstatus quo· The value of this reference point is represented in these figures, along with Fmc:d and Fmax· 
All three reference points present rclativcly similar values. Bpa and Btoss are also represented in these figures as solid 
parallellines. B", was defined as 206,000 t (see Section 7.12), corresponding roughly to the minimum observed SSB, if 
we exclude one extreme observation that is placed far from the cloud ofpoints (sec top-left plot in Figure 7.10.1). B1oss 
was defined as 136,000 t, corresponding to the lowest SSB observed considering all points ofthe SSB-recruitment plot. 

7.11 Long-Term Yield 

The long-term yield per recruit and spawning biomass-per-recruit curves, against F, deri ved using the input data in Table 
7.8.1 are shown in Figure 7.8.1. Table 7.11.1 presents the yield per recruit summary table. F01 is estimated to be 0.09, 
and Fmll to he O. 17, at the reference age ( l-ll ). 

7.12 Reference Points for Management Purpose 

The reference points were estimated using the PA software (CEFAS, Lowestoft). The cstimatcd Fmc:d value is 0.165 and 
Fhigh corresponds to 0.26 (see Figure 7 .12.1). The present leve l of Fstams quo of 0.18 is above the Fmed leve l and Fmax which 
is 0.17. 

As can be seen from Figure 7.12.2, the range of SSB.s is quitc narrow, and no stock-dependent trend in the recruitment 
can be inferred from these observations. The extremely strong 1982 year dass has contributed substantially to the SSB 
during the whole period 1985-1997. The lowest bioma" attained during the period was 130,000 t in 1985, which 
originated a medium recruitment. Floss is 0.27, well above Fmax and Fmed· 

Last year this Working Group proposed Fm~ as F,.. This was further supported by the Study Group on the Precautionary 
Approach to Fishcries Management (ICES 1998/ACFM: lO). Our present results do not suggest any changes for this 
recommendation. 

Blim is defined as B 10~5 which corresponds to be 136,300 L, the lo west SSB in the series. Bpa is considcrcd as Btoss e 1
"
645

" 

that corresponds to 206,000 t. 

7.13 Harvest Control Ru les 

No harvest control rules werc proposed neither by the Study Group on the Precautionary Approach to Fisheries 
Management (ICES 1998/ACFM: l O) nor by this Working Group. 

7.14 Management Considerations 

The predicted evolution of this stock in terms of SSB, F11m, Fpa, B1im and Bpa is shown in Figure 7.14.1. Table 7.14.1 
summariscs several management options at: Fstalus quo• F constrained to the official TAC of 56,000 t, F corresponding to 
TAC 1998, Fm«! and Fm~ (=F,,). 
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In 1997, F attained a value considerably higher than F,, (F97 = 0.22). In order to pre vent future increase of the fishing 
mortality two measures should be put in practice: a reduction of TAC to 52,000 t, which corresponds to F".. and a 
reduction of fishing effort. Taking in to account that Fstarns quo is 0.175 and F pa is 0.165, an increase of the. fishing effort 
should be avoided. 

The Working Group also considers that the TAC should not be applied to all Trachurus species combined but only to 
Trachurus trachurus. 
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Table 7.2.1 Annual eatehes (tonnes) of SOUTHERN HORSE MACKEREL by eountries by gear in Divisions VIlle 
and !Xa. Data from 1984-1996 are Working Group estimates. 

Year Spain (Divisions IX a + VIlle) Total 

----,---"---,-----,----:---:-+--::::--:----:-::-:----------:=------,-- VIlle+ IXa 
Trawl Seine Artisanal Total Traw1 Seine Hook Gilinet Total 

Portugal (Division !Xa) 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

7,231 

6,593 

8,983 

4,033 

5,582 

6,726 

11,427 

19,839 

32,475 

32,309 

45,452 

28,354 

29,916 

26,786 

26,850 

26,441 

23,411 

19,331 

14,646 

11,917 

12,676 

16,768 

8,603 

3,579 
_, 

11,457 

11,621 

12,517 

10,060 

9,437 

12,189 

14,706 

10,494 

12,620 

7,583 

9,446 

1Estimated value. 
2Not avai1ab1e by gear. 

46,345 

54,267 

55,693 

54,327 

44,725 

52,643 

61,985 

36,373 

29,392 

19,050 

28,515 

10,737 

14,962 

10,149 

16,833 

16,847 

4,561 

2,906 

4,575 

5,194 

9,906 

6,442 

3,732 

2,143 
_2 

6,744 

9,067 

8,203 

5,985 

5,003 

7,027 

4,679 

5,366 

2,945 

2,085 

5,332 

3,400 

3,900 

4,100 

4,745 

7,118 

7,279 

7,252 

6,275 

7,079 

6,108 

7,066 

6,406 

3,227 

9,486 

7,805 

7,790 

4,071 

4,680 

6,003 

6,642 

8,304 

7,741 

4,972 

3,698 
_, 

3,244 

4,941 

4,511 

3,913 

3,056 

3,438 

6,363 

3,201 

2,133 

4,385 

1,958 

56,976 53,202 

64,760 53,420 

68,776 57,365 

63,105 52,282 

57,425 47,000 

66,648 53,351 

80,664 62,326 

62,487 85,781 

59,946 98,418 

57,467 75,349 

81,033 82,247 

45,497 114,878 

48, 105 78, 105 

46,421 85,688 

51,488 89,197 26,291 3761 115,864 

51,078 74,469 31,431 

32,043 80,121 14,945 

26,917 48,518 7,428 

25,224 36,489 8,948 

23,733 28,776 19,330 

30,886 

30,951 

17,307 

9,420 

28,526 

21,445 

25,629 

25,231 

19,958 

17,497 

22,654 

25,747 

19,061 

17,698 

14,053 

16,736 

_, 

8,511 

12,772 

16,612 

34,054 

15,334 

16,555 

9,464 32,878 
_, 

_, 

10,876 

9,681 

11,146 

14,506 

10,864 

11,589 

10,360 

8,140 

_, 

17,951 

18,019 

16,972 

16,897 

22,382 

23,125 

19,917 

31,582 

3761 

3761 

3761 

3761 

3761 

_, 

797 

884 

949 

481 

_2 

_2 

262 

187 

81 

124 

145 

162 

214 

169 

106,276 

95,442 

56,322 

45,813 

48,482 

28,450 

43,362 

28,990 

34,109 

143 42,967 

_, 33,193 

30,763 

31,170 

158 29,247 

127 28,014 

103 28,302 

154 31,681 

136 33,527 

107 34,983 

146 30,637 

143 40,034 

0:\ACFMIWGREPSIWGMHSA\REPORTS\1999\T-721 DOC 28/\0198 17::>4 

110,778 

118,180 

126,141 

115,387 

104,425 

119,999 

142,990 

148,268 

158,364 

132,816 

163,280 

160,375 

126,210 

132,109 

167,352 

157,354 

127,485 

83,239 

71,037 

72,235 

59,336 

74,313 

46,297 

43,529 

71,493 

54,648 

56,392 

56,401 

49,205 

45,511 

50,956 

57,428 

52,588 

52,681 

44,690 

56,770 
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Table 7.2.2 Southern horse mackere1 catches by quarter and area. 

Country/Sub- Spain Sc-E, Sc-W, 9a-N Unit:tonnes Total 
di vis ion 

Quarter/ 2 3 4 
Year 

1984 28990 
1985 34116 
1986 42967 
1987 5179 8678 11067 8269 33193 
1988 6445 7936 7918 8464 30763 
1989 7824 7480 8011 7855 31170 
1990 6827 7871 7766 6783 29247 
1991 5369 7220 8741 6686 28016 
1992 4065 8750 10042 5445 28302 
1993 5546 9227 9823 7085 31681 
1994 6486 8966 9732 8343 33527 
1995 6050 10328 10969 7636 34983 
1996 7188 8045 8211 7193 30637 
1997 6638 11132 13854 8410 40034 

Country/ Portugal 9a-CN, 9a-CS, 9a-S Unit:tonnes Total 
Sub-<livision 

Quarter/ 2 3 4 
Year 
1984 4669 6506 3577 2358 17110 
1985 1226 3055 2946 2192 9419 
1986 4627 8093 7542 8264 28526 
1987 3902 5474 6654 3524 19554 
1988 3069 7402 7554 7100 25125 
1989 4074 9096 8543 3513 25226 
1990 3341 5753 5873 4992 19959 
1991 3101 5630 5094 3672 17497 
1992 2516 5661 7196 7281 22654 
1993 5455 6401 8384 5507 25747 
1994 4418 5051 6386 3206 19061 
1995 3240 4618 6038 3802 17698 
1996 2649 3830 4068 3506 14053 
1997 4449 5370 4218 2699 16736 

188 0:\ACF'MIWGREPS\WGMHSA \REPORTSI 1999\T -722. DOC 28/10193 l 7:54 



Table7.3.1.1 

1998 VIlle Easl 

I'SIQ 

Aoo -=1 
o o 
1 2,499 
2 161 
3 1,789 
4 1.838 
5 1,547 
6 714 
7 961 
8 1.286 
9 790 
10 1.635 
11 1,010 
12 380 
13 126 
14 2 

15+ 288 
Total 15.027 

Tonnes 2,310 
SOP% 99 

VIlle Easl 

~o 

~ catd>('OOO) 

o o 
1 18.624 
2 2,417 
3 6,895 
4 3,852 
5 2,517 
6 1.094 
7 1.333 
8 1,546 
9 664 
10 1,763 
11 611 
12 192 
13 66 
14 17 
15+ 230 

Total 41.821 
Tonnes 3,529 
SOP% 97 

VIlle East 

'"' Age ~"""""' o 638 
1 22.849 
2 4,3137 
3 1,890 
4 1,437 
5 1.086 
6 619 
7 395 
8 1,265 
9 263 
10 845 
11 496 
12 9 
13 5 
14 1 

15+ 186 
Total 36.374 

Tonnes 2,618 
SOP•Æ:. 97 

VIlle East 

<M 

_Mo """'"""l o 2.792 
1 7.004 
2 3,336 
3 651 
4 772 
5 953 
6 623 
7 468 
6 1,597 
9 431 
10 1,122 
11 730 
12 33 
13 16 
14 4 

15+ 237 
Total 20,967 

T011nes 2,059 
SOP'YQ 99 

catch In numbefs ('000) at age by quartør and by 

sub-dlvlslon of SOUlltERN HORSE MACKEREL In 1998. 

~""""" """'"" '"'""'"" IXa Cønlr-S ''"""" 
.,_ 

l'o;tQ l'siQ 1'SIQ 1·sta 1'810 I'SIQ 

cak:hfOOO) calc:tl(OOO) caldl\0001 calt:h\000) """'""'" -rooo1 
o o o o o o 

21,849 10,535 40,627 69.748 32,136 177,393 
1.599 1,319 1.828 1,151 868 6,926 

489 2,152 176 273 159 5.040 
318 684 636 1.034 593 5,102 
614 497 578 534 410 4,181 
633 269 430 293 274 2,613 

1.002 348 198 131 118 2,759 
1,529 481 39 28 25 3,389 
1.044 330 61 44 40 2.309 
2.035 752 52 36 35 4.546 
1.346 557 25 18 16 2,973 

507 251 1 10 11 1,176 
174 146 17 10 10 484 
42 62 39 24 23 193 

463 419 291 184 181 1,847 
33,665 18,802 45,016 73,518 34.900 220,929 

2.709 1,619 1,443 1.956 1,050 11,087 
100 100 100 100 100 100 

~"'- '"'"""' llCa Cenr-N llCa c.tT·S '"'""" ... ~ 
""o 2'ndQ ""'a •~o 2'nd0 2'nd a 

catdlfOOO) """'"""l c.a!d>('OOO) -rooo1 '"""'"""l --1 
o o o o o o 

1,422 10,508 26,268 12.846 8.448 78,115 
9,139 7.654 23.448 13.645 8,690 64.993 
4,630 4,311 6,024 2,915 2.117 26,892 
1.584 776 2.086 1,118 854 10,270 
1.966 399 1,476 523 424 7,305 
1.578 223 513 158 137 3.702 
2,324 283 171 52 47 4,210 
3.080 394 120 43 40 5,222 
1,757 289 94 37 36 2,878 
3,737 643 71 34 33 6,282 
2,304 626 55 27 27 3,651 

876 329 42 28 31 1,498 
393 218 54 27 29 786 
143 126 76 27 26 414 

1,045 383 176 66 65 1,965 
35.979 27,161 60,674 31.548 21,003 218.185 

5.426 2,178 2.908 1,443 1,019 16.503 
100 100 100 100 100 101 

VIlle West '"'"""" l)(a Cønlr-N IX.. carnr..s '"'"""" 
,._ 

'"o '"o 3'!1:10 ,., 3'!1:10 '"o 
caldlfOOO) """1'0001 calchfOOO) calchfllOO) caldl('OOO) catd> (000) 

874 299 57 15 19 1,903 
28.923 13,377 15,680 9,674 9.425 99,927 
17,452 4,211 8,353 4,575 4,638 43,617 
6,321 1,892 1,074 499 508 12,183 
4,594 1.910 1,037 626 571 10,176 
2.027 1,330 687 517 506 6,355 

720 654 576 235 310 3,113 
615 1,004 601 249 326 3,190 

1,151 1,954 162 65 93 4,710 
606 1.324 132 52 66 2,442 

1,423 2,845 121 52 61 5,347 
1,065 2.510 146 47 64 4.329 

264 539 96 26 " 977 
146 366 o o o 518 
58 150 o o o 209 

644 1,312 167 47 75 2.433 
66.683 35,678 29,111 16.679 16,703 201.427 

6,125 5,111 2,030 Ul66 1,122 18.072 
100 100 100 100 100 100 

Vlllcw.:t&l IX..Nonh IX.. C-~ IXa~-s '"'"""' All aroas 

•M "l" <M <M <M <M 

"""1'0001 ~"""""' 
calch(OOO) '"""'"""l calchfOOO) calch ((X)Ilf 

557 757 1.207 6&1 654 6,650 
3.250 2,132 3,237 3,296 2,531 21,449 
9,729 2,016 8,545 10,773 7,489 41,887 
9,810 1,067 617 646 625 14,016 
6.112 710 636 499 467 9,397 

2.048 683 346 205 222 4,458 
648 432 117 69 84 1,973 
429 522 44 33 50 1.545 
912 1,105 23 20 36 3,694 
463 579 2B 26 50 1.577 

1,089 1,242 12 12 22 3,499 
743 996 4 4 7 2.485 
142 174 3 2 5 359 

95 117 B 7 15 257 
30 28 7 7 14 89 

367 424 7 6 12 1,052 
36,422 12,987 15,240 16,489 12,283 114.3138 

4.353 1.998 935 991 773 11,109 
100 100 100 100 100 100 
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Table 7 .3.1.2 Catch in numbers at age by year. 

The SAS System 10: 10 Thursday, Oetober 1, 1998 
HOM~SOTH: Southern horse mackerel (Oivisions VIlle and IXa) 

CANUM01: Catch in Numbers (Total International Catch) (Total) (Thousands) 

Year Age O Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 

1981 53700 315700 136200 58800 20400 47800 34800 23000 
1982 104700 122600 115000 77700 27000 22200 28000 28300 
1983 182300 1109100 74800 24400 22600 31500 34900 20600 
1984 12200 71100 459700 40700 3800 8900 21600 20000 
1985 393697 297486 84887 79849 26197 14665 7075 7363 
1986 615298 425659 96999 64701 122560 27584 13610 24346 
1987 53320 618570 170015 66303 28789 81020 21825 10485 
1988 121951 271052 94945 39364 22598 20507 92897 17212 
1989 242537 158646 70438 93590 37363 25474 22839 52657 
1990 48100 164206 100833 60289 35931 14307 11786 12913 
1991 31786 69544 71451 24222 33833 28678 13952 14578 
1992 45629 285197 107761 51971 21596 23308 24973 14167 
1993 10719 101326 262637 95182 35647 23159 22311 35258 
1994 9435 113345 264744 93214 23624 11374 18612 22740 
1995 3512 161142 124731 93349 47507 15997 11235 13608 
1996 38345 35453 57096 41157 53002 27873 11580 11378 
1997 8553 376888 157423 58132 34944 22297 11403 11704 

Year Age 8 Age 9 Ago 10 Ago 11 Age 12 Age 13 Age 14 Age 15 

1981 24100 o o o o o o o 
1982 27600 o o o o o o o 
1983 20200 o o o o o o o 
1984 18000 o o o o o o o 
1985 3981 6270 4614 3214 2702 1699 864 4334 
1986 12080 6694 8198 6349 5838 3244 2023 2963 
1987 5042 3795 2337 1999 1666 951 1029 1906 
1988 11669 10279 7042 4523 6050 2514 1379 3717 
1989 11308 14892 1 1 182 2728 2243 4266 1456 3791 
1990 76713 9463 6562 3481 2568 2017 2430 4409 
1991 11948 64501 8641 5671 3933 1970 2113 2164 
1992 11384 12496 52251 4989 4043 2480 1815 4045 
1993 11881 15094 5813 36062 1653 879 823 2304 
1994 26587 8207 5142 2546 10266 1291 1001 1210 
1995 19931 16763 8550 5664 4846 11717 2367 2809 
1996 8384 19061 14339 6302 5896 3923 9571 4317 
1997 17014 9206 19672 13436 4009 2045 906 7297 
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Table 7.3.2.1 Length (cm) at age by quarter and by sub-division 
of SOUTHERN HORSE MACKEREL in 1998. 

1998 VIlle East VIlle West IXaNcwth IX. Csntr-N IXaCantr-S IX... SoUih AH areas 

t"sta 1"510 !"SlO l"slO t'sta !"sta l"stO 

""" length(Gm) 1Ql11(c:m) lenglh(cm) l4ngth(crn) lønglh(cm) lenØih(crn) løng1h{cm) 

o 0.0 0.0 0.0 0.0 0.0 0.0 00 

1 12.7 12.8 14.0 13.7 13.5 13.5 13.4 

2 15.9 16.1 15.6 16.9 16.9 16.9 16.4 

3 23.9 21.1 20.9 21.9 21.9 21.9 22.1 

' 26.0 28.2 24.6 22.8 22.7 22.8 24.4 

5 27.1 27.7 27.2 24.9 24.6 24.8 26.4 

6 28.3 28.6 28.3 26.2 26.2 26.2 27.6 

7 28.9 29.2 28.9 28.0 28.0 28.0 28.9 

8 29.6 29.8 29.7 29.5 29.4 29.5 29.7 

9 308 30.9 31.3 29.9 29.9 29.9 30.9 

10 29.8 30.6 31.4 30.2 30.2 30.2 30.4 

11 31.8 31.8 33.4 29.8 29.7 29.8 32.1 

12 32.2 32.5 34.2 31.3 31.2 31.2 32.7 

13 33.3 34.0 35.9 32.0 32.0 32.0 342 
14 36.a 36.9 38.0 32.6 32.6 325 353 

15• 31.4 34.0 37.8 36.4 36.5 366 35.3 
0-15-i- 25.5 18.1 19.1 14.5 13.9 14.3 16.0 

VIIICE3St VIlle West IXa N<:rlh IXa C.....",..!\1 IXa Cøntr·S IXa South Al ar ... s 

2""ndQ 7Ma 2"nd a 2"nd a 7Ma 2'nd a 2""nd a ... •øOQth!em) len;lh(em) tength(cm) length(cm) loongth(cm) løfl\lth(em) leng!h(cm) 

o 00 00 0.0 0.0 0.0 0.0 0.0 

1 13.5 17.3 15.7 13.7 13.5 13.5 13.9 
2 16.2 18.0 17.1 16.9 16.9 16.9 17.1 

3 23.1 20.4 20.6 21.9 21.9 21.!:1 21.7 

4 25.4 25.6 23.6 22.8 227 22.8 24.3 

5 27.0 27.5 27.3 24.9 24.6 24.8 26.4 

6 28.3 28.5 28.3 26.2 26.2 26.2 27.9 
7 28.7 29.0 28.9 28.0 28.0 28.0 28.9 
8 29.1 29.5 300 29.5 29.4 29.5 29.4 
9 30.2 30.8 323 29.9 29.9 29.9 30.7 

10 29.2 30.5 323 30.2 30.2 30.2 30.3 
11 31.3 32.2 34.4 29.8 29.7 29.8 32.4 
12 32.4 33.2 352 31.3 31.2 31.2 33.4 
13 34.6 35.1 35.5 32.0 32.0 32.0 34.7 
14 36.3 37.6 37.6 32.6 32.6 325 36.0 

15• 31.2 34.6 37.5 36.4 36.5 366 35.1 
D-15+ 20.0 25.3 19.5 16.7 16.5 16.7 19.1 

VtllcE""t VlllcWøst IXa Nonll IX...Cantr·N IX...Centr-S IX.. South ~,., ...... 
'~a ,~a 3'rd0 3"rd0 3"rd0 3"njQ a·ro a ... ltøngth(cm) lenglh{em) langth (cm) t ..... gth{cm) length (cm) length {cm) tengl"h(cm 

o 12.5 13.3 12.9 13.6 13.5 13.6 13.0 
1 17.3 18.8 17.7 17.0 17.1 17.1 m 
2 20.1 20.0 20.4 18.3 17.9 18.0 19.3 
3 23.8 23.9 24.3 21.2 21.7 21.4 23.5 
4 25.1 249 25.4 23.8 24.0 23.9 24.8 

5 27.0 26.4 26.6 25.5 25.1 25.4 26.2 

6 27.6 272 27.5 27.4 27.4 27.4 27.4 
7 28.5 30.4 31.4 26.5 28.6 28.5 29.8 

' 29.1 30.0 30.5 30.4 303 30.3 30.0 

9 30.2 32.9 32.7 31.1 31.0 309 32.3 
10 29.3 31.11 32.1 31.9 31.5 31.6 31.4 

11 30.2 32.7 32.7 34.7 34.0 34.3 32.5 
12 36.6 362 36.7 34.0 33.8 33.9 36.1 

13 37.7 36.9 37.4 0.0 0.0 0.0 37.3 
14 3M 37.8 366 0.0 0.0 0.0 38.4 

15• 29.4 34.5 35.5 39.4 400 40.7 35.3 
D-15+ 19.8 21.4 24.3 19.0 18.6 18.8 20.8 

VIlle East VIlle West ,,....." l)(a CBn~-N txac--s IX.. Sa..Jh All arøas 

<M <M <M '"1110 <M 41h a <M 

Aga løngtl\{crn) 14flglh(cm) l!lf'gtl\{cm) 'tengtt.(cm) lenglh{cm) ....,Qlhh:m] length(cm] 

o 12.2 11.7 11.9 14.7 15.0 14.8 13.1 
1 18.3 20.2 18.2 17.2 17.4 17.4 18.2 
2 20.2 21.5 21.0 18.5 18.5 18.4 19.4 

' 23.7 23.7 23.4 19.9 19.4 19.6 23.0 
4 25.6 24.8 25.3 23.0 23.0 23.1 24.5 

5 27.1 26.1 27.1 24.7 24.7 24.8 26.2 
6 27.8 27.0 27.6 27.0 27.1 27.1 27.4 
7 290 31.0 30.7 29.4 29.7 30.1 30.2 

a 29.3 29.9 29.8 31.7 32.0 32.3 29.7 

9 307 32.6 32.4 32.6 32.7 32.8 32.0 
10 29.8 31.1 31,3 328 32.8 32.9 30.8 
11 30.6 323 32.2 32.0 32.0 32.0 31.8 
12 35.2 35.6 36.1 35.0 35.0 350 35.8 
13 34.6 36.0 36.4 34.5 345 34.5 35.9 
14 36.1 37.3 38.4 35.5 35.4 35.4 37.0 

15• JO 1 34.0 34.0 36.4 36.4 36.3 33.2 
D-15+ 21.5 23.9 25.3 18.5 18.5 18.7 21.6 
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Table 7.3.2.2 Weight (g) at age by quartar and by sub-division 

of SOUTHEAN HORSE MACKEREL in 1998. 

1998 VIlle East Yllle West IXaNonh 1xa C<>nlr·N IXa Cenlt·S IX a South Al areas 

!'slO 1'st0 t'sta 1';10 l'slO 1'st0 l'stO 

Age 10<14Qhl(g) WQighl{g) wetghl(g) welghtlg) welgl1t(g) we•ghl(gl W<!IQhl(gJ 

o o o o o o o o 
1 19 19 25 23 22 22 22 

2 36 37 ,.. 43 42 43 40 
3 111 79 77 88 89 69 91 
4 142 145 124 100 96 99 121 
5 160 170 162 126 124 126 149 
6 180 185 160 149 146 149 169 
7 191 197 191 160 180 160 191 
6 206 210 206 '" 209 209 206 
9 231 233 241 "' 217 217 233 

10 211 226 251 225 224 225 225 
11 252 253 294 216 214 "' 260 
12 261 270 314 24a 247 247 276 
13 267 306 356 265 265 265 314 
14 362 384 420 260 279 276 349 
15+ 244 320 424 369 392 397 357 

0-15+ 155 60 " 32 27 30 50 

VIlle East VllleWast IXa Ncflh IXaCsnl!·N IXaCenlr-S tx.a South All are<~S 

2'11dQ 2"nd a 2'r>d o 2'nd0 2'nd0 2'nd O 2'nd0 

Aoe we1 ht{ -·hill .... ght(g) weoght(g) ..... ght{g) ,..,.gnt(g) weoght(g) 

o o o o o o o o 
1 22 45 34 33 32 32 30 

2 36 50 43 40 39 39 41 
3 102 72 73 62 65 66 76 
4 134 138 111 109 Wl 107 123 
5 156 166 162 136 133 134 153 
6 180 164 16' 153 153 154 176 
7 187 194 192 160 160 160 191 
6 196 204 216 199 199 199 203 
9 219 230 266 220 220 220 231 
10 199 226 272 242 242 242 224 

11 243 265 316 265 265 265 270 
12 266 269 339 290 290 290 297 
13 320 336 346 316 316 316 335 
14 367 407 406 344 344 344 366 

15+ 243 336 412 429 432' 433 355 
0-15+ 67 151 BO 4a 46 49 76 

VIlle Easl VlllcWast IXa Nofln IXa Cetllt·N IXaCentf-S txa South AJiate"" 

3"rdQ J'rd O 3'rd0 3'rd0 3"rdQ 3'td0 a·rd a 

Age wøoght(g) weoghl(g) ..... gnt (gJ W81Qht (~) weoght (g) WG<gnt(g) we•ghl(g) 

o 18 21 20 25 25 25 20 

1 45 56 46 47 47 47 49 

2 68 67 71 57 53 54 63 
3 111 112 117 66 93 69 109 
4 129 125 132 117 119 119 126 
5 157 147 151 141 136 140 147 
6 168 162 167 173 173 173 "' 7 185 225 246 193 194 193 218 
a 195 216 226 232 229 229 218 
9 218 279 276 246 243 243 267 

10 201 249 262 264 256 258 249 

" 218 276 275 340 321 329 272 
12 364 367 362 316 311 314 367 
13 410 389 405 o o o 400 
14 434 416 442 o o o 435 

15+ 206 331 356 492 518 546 356 
0-15+ 74 91 143 70 64 67 90 

VIlle East VltlcWesl IXa Nc.-th IXaCønii-N l)(a C..nlr-S IXa SO<Jtn All areas 

4~h a 4'11>0 4"1hQ 4'thQ 4~h a ~1hQ •M 

Ago WGIQhl(g) wergl1l(g) WSI ht(g) we1 ht(g) weoghl[g) wø•ght(g) we!ghl(gl 

o 17 15 16 31 33 32 22 

1 52 70 52 47 50 49 53 
2 69 " 78 58 56 58 65 
3 110 109 106 72 67 69 102 
4 137 123 132 106 106 107 122 
5 160 143 159 130 130 131 147 
6 171 156 168 166 167 168 166 
7 196 237 231 212 219 227 221 
6 200 213 212 263 268 274 208 

9 229 272 267 282 284 266 259 
10 212 241 245 286 266 288 234 

" 226 266 263 265 265 265 253 

12 338 348 363 342 341 341 354 
13 322 363 374 330 329 329 361 
14 362 400 436 357 355 355 396 

15+ 219 317 317 367 389 363 296 
0-15+ ., 119 154 61 60 63 97 
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Table 7.3.2.3 Southern horse mackerel mean weight at age 

The SAS system 10:10 Thursday, October 1, 1998 
HCII-SOTH: Southern horse meckerel (D_jvisions VIlle and IXa) ,,.,.; 

~ECA01: Mean Weight in Catch (Total Jnterna~i.~l Cetch) (Total) (K; logroms) 

Year Age O Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 

1981 0.02300 0.04000 0.06700 0.09700 o. 17400 0.25400 0.29200 0.34100 
1982 0.02000 0.03300 0.08200 o. 11500 o. 15200 0.22600 0.26100 0.29600 
1983 0.01300 0.02800 0.06100 0.12500 o. 15900 0.22500 0.26700 0.29400 
1984 0.01500 0.02500 0.04900 0.08000 o. 12400 o. 17800 0.24600 0.27500 
1985 0.01400 0.02700 0.07000 0.09100 o. 11700 o. 13200 0.15200 o. 18200 
1986 0.01600 0.02900 0.05500 0.07600 o. 10400 o. 13700 o. 18500 o. 19400 
1987 0.02438 0.03103 0.04907 o.o5m 0.09611 o. 10599 o. 13089 o. 16139 
1988 0.02675 0.03620 0.06615 0.08189 o. 11089 o. 12563 o. 15601 0.15642 
1989 0.01552 0.04060 0.06185 0.08931 o. 10854 o. 13226 0.15202 0.18910 
1990 0.01627 0.03514 0.04741 0.07572 o. 12389 0.13047 o. 15456 o. 16970 
1991 0.01602 0.03339 0.06310 o. 10214 o. 13343 0.15142 0.16788 0.17345 
1992 0.01800 0.02900 0.04800 0.07800 0.10500 0.14100 0.16200 o. 17300 
1993 0.01500 0.03400 0.04000 0.06400 o. 10900 0.15500 o. 17100 0.20200 
1994 0.02100 0.03600 0.05800 0.06900 0.09700 o. 14200 o. 18200 0.20500 
1995 0.02900 0.03600 0.05800 0.09100 0.11000 o. 13900 o. 17300 o. 18900 
1996 0.01300 0.02900 0.06600 o. 10400 o. 13000 o. 15400 0.18100 0.20600 
1997 0.02200 0.03300 0.05400 0.09100 o. 12300 0.14900 o. 17100 0.20200 

Year Age 8 Age 9 Age 10 Age 11 Age 12 Age 13 Age 14 Age 15 

1981 0.40700 • 1.00000 ·1.00000 -1.00000 -1.00000 ·1 .00000 -1.00000 -1.00000 
1982 0.36300 ·1.00000 -1.00000 -1.00000 ·1.00000 ·1.00000 ·1.00000 ·1.00000 
1983 0.36100 -1.00000 -1.00000 -1.00000 ·1.00000 -1.00000 -1.00000 -1.00000 
1984 0.33100 -1.00000 -1.00000 ·1.00000 -1.00000 -1.00000 ·1.00000 ·1.00000 
1985 0.24900 0.26400 0.28400 0.31200 0.32000 0.34400 0.35700 0.37800 
1986 0.20900 0.29000 0.30100 0.31900 0.32900 0.33900 0.34900 0.34900 
1987 o. 19782 0.21087 0.24560 0.30215 0.28754 0.35218 0.36110 0.35816 
1988 0.20171 0.23866 0.24866 0.27488 0.31379 0.33343 0.32738 0.35506 
1989 o. 19973 0.20304 0.24761 0.31987 0.34492 0.35909 0.37478 0.38929 
1990 o. 18229 0.21408 0.25974 0.27211 0.31612 0.34461 0.36809 0.38845 
1991 o. 19267 0.19640 0.23322 0.23563 0.28031 0.30412 0.32301 0.37211 
1992 o. 18200 o. 19100 0.21400 0.24000 0.27800 0.31300 0.34100 0.38700 
1993 0.22500 0.22500 0.25500 0.25000 0.32100 0.36400 0.39700 0.46100 
1994 0.22600 0.25000 0.27600 0.29900 0.29500 0.34300 0.36300 0.39100 
1995 0.21800 0.23500 0.27300 0.29100 0.30500 0.29000 0.36200 0.39200 
1996 0.21200 0.22600 0.25700 0.27900 0.26000 0.31300 0.31000 0.44100 
1997 0.20900 0.24600 0.23300 0.26500 0.31300 0.35000 0.39000 0.34700 

The SAS System 10:10 Tl'lursday, October 1, 1998 
HOM·SOTH: Southern horse mackerel CDivisions VIlle and IXa) 

WEST01: Mean Weight in Stock (Total International Catch) (Total) (Kilograms) 

Year Age O Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11 Age 12 Age 13 Age 14 Age 15 

1981 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1982 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1983 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 '0.355 0.381 
1984 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 o. 176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1985 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 o. 176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1986 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 o. 176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1987 0.000 0.032 0.055 0.075 o. 105 0.127 o. 154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1988 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 o. 176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1989 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1990 0.000 0.032 0.055 0.075 o. 105 o. 127 0.154 o. 176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1991 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 o. 176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1992 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 o. 176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1993 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 o. 176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1994 0.000 0.032 0.055 0.075 o. 105 0.127 o. 154 o. 176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1995 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 o. 176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1996 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 o. 176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
1997 0.000 0.032 0.055 0.075 o. 105 o. 127 o. 154 o. 176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381 
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Table 7.4.1.1 SOUTHERN HORSE MACKEREL. CPUE indices from research surveys. 

Portugal IXa (20-500 m depth) 
Spain (20-500m depth) 

Bottom trawl (20-mm codend) 

Year Kg/h kg/h Jun-Jul kg/h Oct kg/30 minutes 
March Sept-Oct 

1979 12.2 5.51 

1980 20.6 2.51 

1981 11.6 1.8 

1982 42.1 36.9 

1983 79.1 24.6 37.97 

1984 51.98 

1985 9.5 3.8 20.93 

1986 4.8 23.5 10.14 

1987 6.9 

1988 26.0 12.05 

1989 14.9 11.7 15.48 

1990 14.4 21.5 9.62 

1991 11.8 16.9 4.92 

1992 17.5 38.0 40.8 20.30 

1993 100.24 35.6 235.3 18.11 

1994 49.3 12.4 21.61 

1995 9.8 18.9 21.99 

1996 23.25 26.75 

1997 21.0 59.6 14.43 
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Table 7.4.1.2 CPUE at age from surveys 
The SAS System 11:59 Thursday. October 1. 1998 

KOM·SOTK: Southern horse mackerel (Divisions VIlle and 1Xa) 

FLT13: Oct Pt Survey (Catch: N"'*>erl 

Fishing tatch, tatch, Catch, Catch, Catch, Catch, Catch, Catch, 
Year effort age O age 1 age 2 age 3 age 4 age 5 age 6 age 7 

1985 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
1986 706.196 123.479 82.500 70.046 12.621 2.445 0.313 0.552 
1987 95.243 24.3n 29.541 12.419 9.802 5.673 1.163 0.519 
1988 29.416 704.046 54.984 20.207 13.920 6.4n 21.741 8.294 
1989 3n.665 93.538 40.406 20.064 6.196 3.956 3.847 2.395 
1990 508.494 269.582 28.907 16.4n 17.014 9.822 1. 794 1.187 
1991 336.245 97.414 14.704 13.411 14.2n 6.571 3.895 2.275 
1992 6n.806 500.049 184.896 34.300 15.932 8.153 6.113 6. 745 
1993 1733.340 214.230 328.440 111.630 37.010 2.160 0.950 0.950 
1994 4.217 9.499 75.879 44.908 19.693 5.142 2.013 1.022 
1995 6.9n 9.386 148.650 56.402 26.310 8.156 3.383 0.709 
1996 1225.000 5.750 6.979 16.346 19.530 8.052 2.129 0.592 
1997 2832.548 21.619 110.750 18.102 51.410 67.224 19.203 14.257 

tatch, Catch, Catch, Catch, Catch, Catch, Catch, C:atch, 
Year age 8 age 9 age 10 age 11 age 12 -13 age 14 age 15 

1985 0.000 0.000 0.000 0.000 0.000 0.000 0.006 0.003 
1986 0.370 0.238 0.189 0.286 0.181 0.126 0.051 o .115 
1987 0.487 0.368 0.225 0.165 0.248 0.047 0.022 0.019 
1988 1.834 0.1178 0.298 0.030 0.001 0.001 0.001 0.001 
1989 0.662 0.320 0.430 0.398 0.162 0.139 0.012 0.004 
1990 3.5n 2.600 1.532 0.624 o.no 0.266 0.239 0.179 
1991 2.331 1.951 1.006 0.405 0.350 0.238 0.220 0.185 
1992 4.196 3.251 3.805 0.497 0.702 0.178 0.082 0.086 
1993 0.670 0.1160 0.570 1.340 0.370 0.220 0.070 0.050 
1994 0.850 0.534 0.234 0.189 0.126 0.089 0.053 0.030 
1995 0.527 0.383 0.260 0.219 0.227 0.228 0.221 0.215 
1996 0.209 o. 135 0.106 0.062 0.047 0.031 0.005 0.005 
1997 5.914 6.939 2.386 0.109 0.0111 0.126 0.079 0.054 

The SAS System 11:59 Thursday, October 1, 1998 
HOM·SOTH: Southern horse mackerel (Oivisions VII le and IXa) 

FLT14: OCt sp. Survey,bottom trawl survey (Catch: Number) 

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, 
Year effort age O age 1 age 2 age 3 age 4 age S age 6 age 7 

1985 182.630 84.360 322.510 467.600 7.090 6.500 4.710 4.050 
1986 289.420 44.600 12.640 7.000 41.810 4.920 5.150 1 1 .1, o 
1987 217.665 64.153 20.035 8.053 18.482 16.448 5.100 7.979 
1988 145.910 14.650 14.220 9.000 5.130 8.170 54.990 5.050 
1989 115.000 6.540 1.900 21.300 4.680 17.500 15.620 65.040 
1990 26.620 17.790 2.730 2.680 15.920 5.680 7.630 6.090 
1991 48.470 15.370 5.100 0.150 1.440 1.820 o. 710 0.640 
1992 85.470 44.810 o. 740 1.050 0.350 2.080 4.470 4.360 
1993 138.619 31.848 3.447 0.630 2.199 4.546 13.762 11.on 
1994 937.761 64.849 20.936 1.332 1.510 2.535 4.887 9.632 
1995 38.308 172.564 12.492 6.941 5.806 3.845 6.311 9.659 
1996 43.288 47.240 26.844 19.573 35.014 19.058 6.602 , 1.004 
1997 13.1166 21.891 6.529 9.419 7.730 6.327 3.911 3.995 

Catch, Catch, Catch,. Catch, Catch, Catch, catch,. Catch, 
Year age 8 age 9 age 10 age 11 age 12 -13 age 14 age 15 

1985 4.840 5.390 3.580 0.880 0.840 0.260 0.770 5.010 
1986 4.680 7.200 8.540 3.050 , .310 0.800 0.980 3.840 
1987 5.662 5.879 4.712 4.630 , .470 1.389 4.147 0.001 
1988 5.730 6.850 4.800 2.600 7.030 1.650 2.410 17.550 
1989 7.680 10.470 26.160 0.570 0.410 4.770 0.400 5.440 
1990 73.350 3.050 4.730 0.1160 0.810 0.600 0.770 1.670 
1991 2.170 28.900 6.420 6.520 2.220 1.070 2.780 0.640 
1992 5.730 5.090 47.600 5.060 , .620 0.600 0.180 3.550 
1993 4.513 4.422 3.881 22.057 0.235 0.041 0.228 0.256 
1994 , 1.578 2.473 1.530 0.911 4.512 0.361 o. 194 0.433 
1995 14.481 11.868 3.503 1.930 0.340 8.609 o. 101 0.049 
1996 2.733 21.892 7.012 1.079 1.n3 0.033 3.657 0.078 
1997 12.424 3.947 10.330 7.708 0.506 0.350 0.109 2.585 
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Ta ble 7 .4.1.2 (cont.) CPUE at age from surveys 

The SAS System 11:59 Tl't'-'rsday, October 1, 1998 
HOM·SOTH: Southern horse meckerel (Oivisions VIlle and IXa) 

FLT15: Jul Pt. Survey, bottom trawl survey (Catch: NLJli>er) 

Fishh"ta Catch, Catch, Catc:h, Catch, Catch, Catch, Catch, Catch, 
Year effort age O age 1 age 2 age 3 age 4 age 5 age 6 age 7 

1989 , 81.91291 38.35600 45.52200 60.64800 26.99800 5.84600 3.16400 6.63400 
1990 , 82.17500 51 .60500 69.39700 26.15700 12.39300 5.58800 3.67000 3.51500 
1991 , 17.42900 53.09400 19.47900 3.50700 3.90600 3.97800 2.49500 3.12800 
1992 , 109.17800 1822.95000 39.70100 21.08100 7.98000 5.01300 3.42700 3.34800 
1993 , , .81000 263.39000 263.80000 150.04000 20.84000 39.56000 89.15000 31.34000 
1994 1 54.98100 408.26200 232.99500 110.93500 49.98800 34.n4oo 38.43800 20.98500 
1995 1 5.41000 38.57100 16.13200 23.07100 26.69900 12.23300 5.57700 2.07100 
1996 o 0.00000 0.00000 o.ooooo 0.00000 0.00000 0.00000 0.00000 0.00000 
1997 1 29.13900 330.30500 71.13100 8.19900 11.93200 4.99300 1. 96900 1.37100 

Catch, Catch, Catch, Catch, Catch, Catch, Catcl'l, Catch, 
Year age 8 age 9 age 10 age 11 age 12 age 13 age 14 age 15 

1989 3.04200 3. 71600 , .44000 0.79300 0.61300 0.21400 0.15700 0.24400 
1990 7. 74500 3.00100 , .36300 0.69500 0.75800 0.44500 0.35600 o .47000 
1991 3.56600 7.63700 3.53700 3.57400 2.28800 2.49100 0.50800 0.41300 
1992 3.87900 5.61600 9.99800 3.98800 s.moo 3.20500 1.03800 0.48100 
1993 22.69000 9.53000 0.52000 0.64000 0.05000 0.02000 0.00000 0.00000 
1994 s. nsoo 3.90500 3.55000 3.19300 5.48500 , .88300 1.05700 0.86700 
1995 0.54000 0.27000 0.22300 o. 15800 0.26300 o. 11500 0.09100 o. 10300 
1996 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.,00000 0.00000 
1997 0.24900 0.16900 o. 17000 0.46200 0.05400 0.00000 0.00000 0.01200 
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Table 7.5.1 SOUTHERN HORSE MACKEREL. CPUE series in commercial fisheries. 

Division !Xa Division VIIIc (Spain) 
Year (Portugal) 

Trawl Trawl 

Sub-div. VIlle East Sub-<liv. VIlle West 
Aviles La Coruila 

kg/h kg/Hp.day. 10 2 kg/Hp. da y. 10·' 

1979 87.7 

1980 69.3 

1981 59.1 

1982 56.2 

1983 98.0 123.46 90.4 

1984 55.9 142.94 135.87 

1985 24.4 131.22 118.00 

1986 41.6 116.90 130.84 

1987 71.0 109.02 176.65 

1988 91.1 88.96 146.63 

1989 69.5 98.24 172.84 

1990 98.9 125.35 146.27 

1991 n.a. 106.42 145.09 

1992 n.a. 73.70 163.12 

1993 n.a. 71.47 200.50 

1994 n.a. 137.56 136.75 

1995 n.a. 130.44 124.11 
1996 n.a. 145.64 156.50 

1997 n.a. 89.56 117.39 
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Table 7.5.2 CPUE at age from fleets 

The SAS System 11:59 Thursday, October 1, 1998 
HOM-SOTH: Southern horse mackerel (Divisions VIIIc and IXa) 

FLT11: 8c West trawl fleet (La Corune) (Catch: Millions) 

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, catch, catch, catch, Catch, Catch, Catch, 
Year effort age O age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age 14 age 15 

1984 32427 1 356 644 124 38 38 8 87 30 42 5 6 1 6 3 12 
1985 30255 3 12 134 399 19 42 39 25 27 43 22 8 3 1 3 27 
1986 26540 3 79 58 118 400 40 31 22 15 15 41 16 6 10 2 33 
1987 23122 1 33 113 92 143 672 76 61 13 22 20 16 8 2 1 13 
1988 28119 5 167 258 58 58 51 408 40 29 22 1 1 11 16 4 2 9 
1989 29628 23 152 48 1 15 56 57 38 299 40 103 78 6 2 23 2 16 
1990 29578 1 84 128 37 71 17 27 39 394 21 27 5 6 6 7 15 
1991 26959 1 1 41 2 20 39 27 65 49 376 37 17 12 2 9 5 
1992 26199 o 191 60 10 9 54 99 48 46 51 361 12 6' 3 o 8 
1993 29670 o 34 467 39 51 95 87 210 56 79 16 209 1 o 1 1 
1994 26393 2 79 270 12 8 20 92 146 165 34 18 4 45 1 o 1 
1995 28000 o 7 122 84 37 25 36 64 129 102 33 12 2 47 1 1 
1996 23818 o 1 29 14 65 89 51 62 41 125 108 36 15 14 59 3 
1997 23668 D 2 3 2 6 13 14 32 52 49 86 80 34 18 6 40 

The SAS System 11:59 Thursday, October 1, 1998 
HOM-SOTH: Southern horse mackerel (Oivisions VIlle and IXa) 

FLT12: Be East trawl fleet (Aviles) (Catch: Millions) 

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, catch, Catch, Catch, Catch, Catcn, 
Year effort age O age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age 14 age 15 

1984 10185 4 882 759 141 42 39 1 1 65 18 31 3 4 1 6 3 11 
1985 9856 1 167 613 574 13 18 16 13 17 21 14 4 4 1 4 19 
1986 10845 36 223 271 174 527 42 19 14 10 8 9 2 1 1 D 2 
1987 8309 1 244 350 166 48 396 40 19 7 9 6 5 3 1 1 4 
1988 9047 181 264 53 23 18 19 148 14 17 22 15 12 22 6 5 27 
1989 8063 65 275 62 105 50 42 18 100 13 38 35 1 1 18 2 15 
1990 8492 1 726 373 257 72 19 21 24 192 10 13 3 4 4 4 9 
1991 7677 39 495 882 41 85 51 10 12 9 67 3 2 1 1 1 1 
1992 12693 2 35 21 65 34 60 63 20 16 19 114 3 1 1 o 7 
1993 7635 o 215 462 77 44 23 18 42 6 14 2 35 1 D o 1 
1994 9620 1 47 632 12 6 17 69 118 135 25 14 3 38 1 D o 
1995 6146 1 182 441 141 70 32 25 39 89 71 31 12 4 37 1 1 
1996 4525 D 225 608 129 230 128 32 24 22 49 32 10 4 4 17 D 
1997 5061 o 48 10 15 34 43 36 49 83 34 76 42 8 2 D 14 
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Table 7.7.2.1 XSA diagnostics. 

Lowestoft VPA Version 3.1 

1·0ct·98 16:40:11 

Extended Survivors Analysis 

S. horse mackerel (run: XSAPAB03/X03) 

CPUE data from file /userslfishlifadlifapworklwgmhsa/hom_soth/FLEET.X03 

Catch data for 13 years. 1985 to 1997. Ag es O to 12. 

Fleet First Last First 

FL T06: 8c West trawl 

FLT07: Se East trawl 

FL TOS: Oct Pt Survey 

FLT09:0ctSp. Su~e 

FL T1 O: Jul Pt. Su~e 

Time series weights : 

year 

1985 

1985 

1985 

1985 

1989 

Tapered time weighting applied 

Power = 3 over 20 years 

Catchability analysis : 

year 

1997 

1997 

1997 

1997 

1997 

Catchability dependent on stock size for ages < 2 

Regression type =C 

Minimum of 5 points used for regression 

age 

o 
o 
o 
o 
o 

Survivor estimates shrunk to the population mean for ages < 2 

Catchability independent of age for ages >= 9 

Terminal population estimation: 

Survivor estimates shrunk towards the mean F 

of the final 5 years or the 5 oldest ages. 

S.E. of the mean to which the estimates are shrunk = 1.000 

Minimum standard error for population 

estimates derived from each fleet = .300 

Prior weighting not applied 

Tuning had not converged after 60 iterations 

Total absolute residual between iterations 

59 and 60 = .00350 

Final year F values 

Age o 
lteration 59 0.0064 

lteration 60 0.0064 

Age 10 

1 2 

0.4194 0.5975 

0.4189 0.5961 

11 

Last Alpha Beta 
age 

11 o 
11 o 
11 0.8 0.9 

11 0.79 0.88 

11 0.54 0.63 

3 4 5 6 7 

0.3314 0.0854 0.0675 0.0335 0.0809 

0.3307 0.0852 0.0674 0.0335 0.0808 
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8 Table 7.7.2.1 (cont.) 

lteration 59 

lteration 60 

Regression weights 

Fishing mortalities 

Age 
o 
1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

0.2286 

0.2285 

0.751 

1988 

0.141 

0.276 

0.119 

0.147 

0.11 

0.147 

0.118 

0.201 

0.152 

0.283 

0.514 

0.326 

XSA population numbers (Thousands) 

AGE 

YEAR 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

o 
1.00E+06 

1.25E+06 

1.03E+06 

2.00E+06 

1.60E+06 

1.25E+06 

6.44E+05 

5.58E+05 

1.42E+06 

1.44E+06 

0.2175 

0.2174 

0.82 

1989 

0.235 

0.259 

0.101 

0.157 

0.192 

0.165 

0.229 

0.086 

0.187 

0.279 

0.535 

0.36 

1.21 E+06 

7.49E+05 

8.49E+05 

8.46E+05 

1.70E+06 

1.34E+06 

1.06E+06 

5.46E+05 

4.77E+05 

1.19E+06 

Estimated population abundance at 1st Jan 1998 

O.OOE+OO 1.23E+06 

Taper weighted geometric mean of the VPA populations: 

0.877 

1990 

0.051 

0.234 

0.246 

0.111 

0.079 

0.099 

0.102 

0.185 

0.165 

0.222 

0.18 

0.295 

2 

9.09E+05 

7.92E+05 

4.98E+05 

5.78E+05 

6.64E+05 

1.20E+06 

1.06E+06 

6.09E+05 

3.20E+05 

3.76E+05 

6.73E+05 

0.921 

1991 

0.017 

0.093 

0.143 

0.061 

0.06 

0.079 

0.125 

0.167 

0.247 

0.193 

0.307 

0.221 

3 

3.11E+05 

6.94E+05 

6.16E+05 

3.35E+05 

4.31E+05 

4.71E+05 

7.85E+05 

6.64E+05 

5.80E+05 

2.23E+05 

1.60E+05 

0.954 

1992 

0.031 

0.2 

0.192 

0.139 

0.092 

0.069 

0.067 

0.171 

0.18 

0.416 

0.224 

0.276 

4 

2.34E+05 

2.31 E+05 

5.11E+05 

4.74E+05 

2.66E+05 

3.23E+05 

3.17E+05 

5.89E+05 

4.85E+05 

4.61 E+05 

1.36E+05 

0.976 

1993 

0.009 

0.085 

0.27 

0.245 

0.127 

0.127 

0.083 

0.161 

0.2 

0.363 

0.327 

0.224 

5 

1.62E+05 

1.80E+05 

1.64E+05 

4.06E+05 

3.77E+05 

2.09E+05 

2.45E+05 

2.51 E+05 

4.63E+05 

3.69E+05 

0.99 

1994 

0.016 

0.122 

0.315 

0.137 

0.084 

0.051 

0.136 

0.106 

0.167 

0.196 

0.19 

0.219 

6 

8.99E+05 

1.20E+05 

1.31 E+05 

1.28E+05 

3.23E+05 

3.03E+05 

1.58E+05 

2.00E+05 

2.01 E+05 

3.73E+05 

3.65E+05 2.97E+05 

0.997 

1995 

0.007 

0.383 

0.182 

0.164 

0.091 

0.071 

0.062 

0.132 

0.123 

0.142 

0.304 

0.312 

7 

1.02E+05 

6.88E+05 

6.23E+04 

1.02E+05 

9.73E+04 

2.55E+05 

2.40E+05 

1.19E+05 

1.62E+05 

1.63E+05 

3.10E+05 
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1996 

0.03 

0.063 

0.214 

0.06 

0.125 

0.067 

0.064 

0.079 

0.106 

0.157 

0.165 

0.362 

8 

8.92E+04 

7.16E+04 

5.43E+05 

5.69E+04 

7.44E+04 

7.06E+04 

1.87E+05 

1.85E+05 

8.96E+04 

1.29E+05 

1.29E+05 

1997 

0.006 

0.419 

0.596 

0.331 

0.085 

0.067 

0.034 

0.081 

0.153 

0.154 

0.229 

0.217 

9 

4.49E+04 

6.59E+04 

5.12E+04 

3.96E+05 

3.96E+04 

5.35E+04 

4.97E+04 

1.36E+05 

1.41E+05 

6.93E+04 

9.52E+04 

---·------ .. ------



Table 7.7.2.1 (cont.) 

1.23E+06 9.69E+05 6.33E+05 4.87E+05 3.83E+05 2.84E+05 2. 10E+05 1.45E+05 1.01 E+05 6.94E+04 

Standard error of the weighted Log(VPA populations): 

0.4289 0.4042 0.4162 0.4887 0.4779 0.5237 0.5762 0.6163 0.6962 0.7376 

AGE 

YEAR 10 11 
1988 1.89E+04 1.75E+04 

1989 2.91E+04 9.73E+03 

1990 4.29E+04 1.47E+04 

1991 3.53E+04 3.09E+04 

1992 2.81 E+05 2.23E+04 

1993 2.25E+04 1.94E+05 

1994 3.20E+04 1.40E+04 

1995 3.52E+04 2.28E+04 

1996 1.02E+05 2.24E+04 

1997 1.04E+05 7.41E+04 

Estimated population abundance at 1st Jan 1998 

5.12E+04 7.11 E+04 

Taper weighted geometric mean of the VPA populations: 

4.55E+04 2.62E+04 

Standard error of the weighted Log(VPA populations) : 

0.7979 0.8315 

Log catchability residuals. 

Fleet : FL TD6: Be West trawl 
Age 1985 1986 1987 

o 99.99 99.99 99.99 

-0.15 0.45 -0.3 

2 0.74 -0.03 0.78 

3 1 .31 2.01 1.84 

4 ·0.26 1.16 2.19 

5 0.23 0.31 1.47 

6 0.18 ·0.15 0.97 

N 
7 ·0. 17 ·0.56 0.29 

2 8 ·0.04 -0.37 -0.78 
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"' f:3 Table 7.7.2.1 (cont.) 

Age 

9 

10 

11 

o 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

-0.11 

-0.3 

-0.4 

1988 

99.99 

0.56 

0.76 

1.24 

1.01 

0.67 

0.57 

-0.16 

-0.59 

-0.54 

-0.26 

-0.27 

-0.6 

0.33 

-0.07 

1989 

99.99 

0.98 

-0.84 

1.07 

0.97 

0.63 

0.21 

-0.17 

-0.09 

0.57 

1.22 

-0.32 

0.15 

0.16 

-0.13 

1990 

99.99 

0.63 

0.67 

0.04 

0.36 

·0.52 

-0.28 

-0.04 

0.17 
-0.79 

-0.39 

-0.95 

Mean log catchability and standard error of ages with catchability 

independent of year class strength and constant w.r.t. time 

Age 2 3 4 

Mean Log q -19.0424 -19.9273 -19.4239 

S.E(Log q) 1.0104 1.3289 1.1113 

Regression statistics : 

Ages with q dependent on year class strength 

1991 1992 1993 1994 1995 

99.99 99.99 99.99 99.99 99.99 

-1.05 0.29 -0.2 0.41 0.17 

-0.57 -0.28 1.1 0.81 0.16 

-2.19 -0.78 0.42 -1.2 0.86 

-0.74 -0.92 0.51 -1.23 -0.37 

-0.51 ·0.08 0.98 -0.66 -0.51 

-0.15 0.24 0.05 0.89 -0.37 

0.34 0.12 0.5 0.29 0.12 

0.44 0.14 0.27 0.48 0.16 

0.12 0.56 0.55 -0.18 -0.17 

0.28 0.47 -0.2 -0.38 0.12 

-0.41 -0.38 0.17 -1.04 -0.45 

5 6 7 8 9 
-18.833 -18.3849 -17.7512 -17.5381 -17.119 

0.7934 0.7219 0.3627 0.3678 0.4426 

Age Slepe t-value lntercept RSquare No Pts Reg s.e Mean Log q 

o o o o o o o o 
0.38 1.169 16.45 0.28 13 0.68 -20.76 

Ag es with q independent of year class strength and constant w.r.t. time. 
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1996 1997 

99.99 99.99 

·0.43 -1.02 

-0.17 -2.42 

-0.67 -1.53 

0.56 -1.78 

0.3 -1.38 

0.13 -1.79 

-0.08 -0.74 

-0.1 -0.2 

0.16 -0.06 

0.35 0.13 
0.85 0.39 

10 11 

-17.119 -17.119 

0.4634 0.5907 



Table 7.7.2.1 (cont.) 

Age Slope t-value lntercept RSquare No Pts Reg s.e MeanO 

2 0.43 1.911 15.83 0.56 13 0.39 -19.04 

3 0.63 0.675 17.37 0.27 13 0.86 ·19.93 

4 1.35 -0.336 21.71 0.09 13 1.57 -19.42 

5 0.86 0.318 17.97 0.37 13 0.72 -18.83 

6 1.27 -0.523 20.06 0.29 13 0.95 -18.38 

7 0.96 0.224 17.5 0.76 13 0.37 -17.75 

8 0.85 1.019 16.67 0.85 13 0.31 -17.54 

9 0.94 0.322 16.76 0.76 13 0.44 -17.12 

10 0.86 0.938 16.1 0.83 13 0.38 -17 

11 0.75 1.753 15.56 0.85 13 0.37 -17.34 

1 

Fleet : FL TO?: Be East trawl 

Age 1985 1986 1987 

o 99.99 99.99 99.99 

99.99 99.99 99.99 

2 99.99 99.99 99.99 

3 99.99 99.99 99.99 

4 99.99 99.99 99.99 

5 -0.65 0.11 0.82 

6 -0.3 -0.46 0.64 

7 -0.16 -0.56 -0.31 

8 0.13 -0.37 -0.87 

9 -0.13 -0.76 -0.15 

10 -0.05 -0.71 -0.45 

11 -0.4 -1.68 -0.7 

Age 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

o 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 

1 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 

2 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 

3 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 

4 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 

5 -0.33 0.48 -0.3 -0.13 -0.4 -0.23 -0.96 0.1 1.18 0.21 

N 6 -0.02 0.05 0.01 -0.6 -0.2 -0.89 0.9 0.06 0.61 -0.01 
8 
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N Table 7.7.2.1 (cont.) 12 

7 -0.53 -0.42 0.27 -0.54 -0.48 -0.2 0.64 0.69 0.18 0.78 

8 -0.48 -0.39 0.21 -0.49 -0.68 -1.09 0.8 0.82 0.45 1.32 
9 0.17 0.45 -0.71 -0.77 -0.13 -0.25 0.09 0.55 0.46 0.69 

10 0.76 1.3 -0.29 -1.4 -0.38 -1.35 -0.05 1.15 0.37 1.13 

11 0.52 -1.24 -0.63 -1.72 -1.46 -0.68 -0.74 0.64 0.81 0.87 

Mean log catchability and standard error of ages with catchability 

independent of year class strength and constant w.r.t. time 

Age 2 3 4 5 6 7 8 9 10 11 

Mean Log q o o o -17.6872 -17.672 -17.2967 -17.0528 -16.6941 -16.6941 -16.6941 

S.E(Log q) o o o 0.599 0.5248 0.5216 0.7746 0.5112 0.9365 1.0689 

Regression statistics : 

Ages with q dependent on year class strength 

Age Slope t-value lntercept RSquare No Pts Reg s.e Mean Log q 

o o o o o o o o 
o o o o o o o 

Ag es with q independent of year class strength and constant w.r.t. time. 

Age Slope t-value lntercept RSquare No Pts Reg s.e MeanQ 

2 o o o o o o o 
3 o o o o o o o 
4 o o o o o o o 
5 0.63 1.643 15.77 0.73 13 0.34 -17.69 

6 1.16 -0.454 18.53 0.48 13 0.63 -17.67 

7 0.93 0.256 16.94 0.62 13 0.51 -17.3 

8 0.62 2.003 14.94 0.75 13 0.42 -17.05 

9 0.98 0.067 16.58 0.68 13 0.53 -16.69 

tO 0.88 0.354 15.95 0.49 13 0.86 -16.67 

11 0.85 0.476 16.07 0.52 13 0.85 -17.14 

Fleet : FL TOS: Oct Pt Survey 
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Table 7.7.2.1 (cont.) 

Age 1985 1986 1987 

o 99.99 -0.45 -0.41 

99.99 0.3 -0.88 

2 99.99 0.57 -0.38 

3 99.99 1.32 -0.47 

4 99.99 -1.7 -0.01 

5 99.99 -0.61 -1.61 

6 99.99 -1.92 -0.5 

7 99.99 -0.52 -0.98 

8 99.99 -0.08 -0.31 

9 99.99 -0.53 0.11 

10 99.99 -0.82 -0.3 

11 99.99 0.16 -0.69 

Age 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

o -0.3 0.14 0.36 -0.41 -0.01 0.48 -0.38 -0.11 0.26 0.46 
0.85 0.46 0.78 0.29 0.34 0.17 -0.93 -0.18 -0.37 -0.58 

2 -0.52 -0.71 ·0.46 -1.37 1.07 1.12 -0.19 0.64 -1.46 1.46 
3 0.04 -0.76 -0.88 -0.5 0.23 1.41 -0.1 0.32 -0.86 0.42 
4 0.24 -0.49 -0.37 -0.47 0.23 0.9 0.25 ·0.07 -0.14 0.84 
5 0.53 -0.06 0.89 -0.43 -0.15 -0.84 -0.2 0.26 -0.37 1.98 
6 0.53 0.9 -0.05 0.77 0.26 -1.54 -0.1 0.12 -0.34 1.22 
7 1.99 -1.26 0.25 0.67 1.81 -1.13 -1.04 -0.68 -1.22 1.96 
8 0.63 -0.14 -0.5 1.36 1.66 -0.11 -0.87 -1.38 -1.59 1.43 
9 0.53 -0.87 1.43 -0.93 2.07 0.4 -0.15 -1.53 -2.6 2.05 

10 0.51 0.46 1.04 0.93 0.11 0.82 -0.54 ·0.43 -2.5 0.64 
11 -1.87 1.33 1.32 0.08 0.65 -0.56 0.1 -0.16 -1.36 -2.12 

Mean log catchability and standard error of ages with catchability 

independent of year class strength and constant w.r.t. time 

Age 2 3 4 5 6 7 8 9 10 11 
Mean Log q -8.9611 -9.4265 -9.7434 ·10.4028 -10.933 -11.1092 -11.1612 -11.0017 -11.0017 -11.0017 
S.E(Log q) 1.0158 0.7647 0.6381 0.9096 0.9002 1.3255 1.1289 1.4896 1.0434 1.168 

N 
o 
"' 
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Table 7.7.2.1 (cont.) 

Regression statistics : 

Ages with q dependent on year class strength 

Age Slope t-value lntercept 
o 0.25 2.633 12.6 

0.43 1.147 11.87 

RSquare No Pts 
0.59 
0.32 

12 

12 

Reg s.e 
0.38 

0.63 

Mean Log q 

-8.42 

-9.35 

Ages with q independent of year class strength and constant w.r.t. time. 

Age Slope t-value lntercept ASquare No Pts Reg s.e MeanQ 
2 0.64 0.7 10.55 0.31 12 0.67 -8.96 

3 2.53 -0.985 3.9 0.05 12 1.94 -9.43 

4 3.41 -1.836 2.2 0.06 12 1.95 -9.74 

5 2.47 -1.075 7.21 0.06 12 2.23 -10.4 

6 0.83 0.386 11.16 0.38 12 0.78 -10.93 

7 -8.38 -1.7 18.8 o 12 10.14 -11.11 

8 2.31 -1.074 10.63 0.07 12 2.59 -11.16 

9 -10.81 -1.932 12.9 o 12 14.19 -11 

10 1.5 -0.784 11.14 0.22 12 1.6 -11.01 

11 2.78 -1.574 13.19 0.08 12 2.92 -11.28 

1 

Fleet : FL T09: Oct Sp. Surve 

Age 1985 1986 1987 

o 99.99 99.99 99.99 

99.99 99.99 99.99 

2 99.99 99.99 99.99 

3 99.99 99.99 99.99 

4 99.99 99.99 99.99 

5 0.56 0.31 -0.31 

6 0.28 0.16 0.25 

7 0.34 1.04 0.31 

8 0.36 0.55 0.24 

9 o 0.76 0.76 

10 0.08 0.87 0.62 

11 -0.37 0.4 0.53 
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N 
o ..... 

Table 7.7.2.1 (cont.) 

Age 1988 1989 1990 1991 1992 1993 1994 

o 99.99 99.99 99.99 99.99 99.99 99.99 99.99 

99.99 99.99 99.99 99.99 99.99 99.99 99.99 

2 99.99 99.99 99.99 99.99 99.99 99.99 99.99 

3 99.99 99.99 99.99 99.99 99.99 99.99 99.99 

4 99.99 99.99 99.99 99.99 99.99 99.99 99.99 

5 0.99 1.66 0.57 -1.49 -1.29 0.13 -0.68 

6 0.73 1.58 0.67 -1.66 -0.78 0.41 0.07 

7 0.05 0.6 0.44 ·2.05 ·0.08 0.32 ·0.24 

8 ·0.14 0.4 0.61 ·0.62 0.06 ·0.11 ·0.17 

9 0.46 0.5 -0.53 -0.35 0.4 ·0.09 -0.73 

10 1.16 2.44 0.05 0.66 0.51 0.62 -0.78 

11 0.47 -0.43 -0.49 0.73 0.85 0.12 ·0.44 

Mean log catchability and standard error of ages with catchability 

independent of year class strength and constant w.r.t. time 

Age 2 3 4 5 6 7 8 
Mean Log q o o o ·10.635 ·10.211 ·9.6694 ·9.2583 
S.E(Log q) o o o 0.9083 0.8618 0.7804 0.4549 

Regression statistics : 

Ag es with q dependent on year class strength 

Age Slope t-value lntercept ASquare No Pts Reg s.e Mean Log q 
o o 

o 
o o o 
o o o 

Ages with q independent of year class strength and constant w.r.t. time. 

Age Slepe t-value lntercept RSquare 

2 o o o o 
3 o o o o 
4 o o o o 
5 5.2 -1.58 2.56 0.02 

o o o 
o o o 

No Pts Reg s.e MeanQ 

o o o 
o o o 
o o o 

13 4.4 ·10.64 
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1995 1996 1997 
99.99 99.99 99.99 
99.99 99.99 99.99 
99.99 99.99 99.99 
99.99 99.99 99.99 
99.99 99.99 99.99 
-0.27 0.72 -0.16 
0.02 0.06 -1.1 
0.49 0.26 ·0.75 
0.03 ·0.93 0.26 

-0.22 0.37 ·0.63 
0.05 ·0.43 ·0.01 

·0.11 ·0.63 0.02 

9 10 11 

·8.886 ·8.886 ·8.886 
0.521 0.917 0.5159 



N Table 7.7.2.1 (cont.) o 
00 

6 1.15 -0.271 9.89 0.25 13 1.04 -10.21 
7 0.85 0.417 10 0.47 13 0.69 -9.67 

8 0.87 0.694 9.55 0.76 13 0.41 ·9.26 
9 1.29 ·1.023 8.22 0.57 13 0.67 -8.89 

10 1.41 -0.892 7.57 0.34 13 1.16 -8.49 

11 0.86 0.83 9.03 0.79 13 0.45 ·8.85 

Fleet: FLT1 O: Jul Pt. Surve 

Age 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

o 99.99 2.19 2.19 ·1.22 2.23 -4.73 1.93 ·2.01 99.99 o 
99.99 ·0.13 ·0.17 -0.18 0.15 ·0.18 0.18 0.21 99.99 0.06 

2 99.99 -0.5 0.47 -1.01 ·0.41 0.94 0.96 ·1.52 99.99 0.97 
3 99.99 0.41 ·0.34 -1.75 -0.18 1.76 0.88 ·0.51 99.99 ·0.35 
4 99.99 1.09 ·0.54 -1.62 -0.32 0.46 1.33 0.09 99.99 ·0.48 
5 99.99 -0.06 ·0.05 -1.31 ·1.01 1.68 1.35 0.29 99.99 -0.99 

6 99.99 ·0.18 -0.2 ·0.54 -1.17 2.15 1.99 -0.22 99.99 ·1.9 

7 99.99 ·1.18 0.36 0.02 0.14 1.4 1.03 ·0.57 99.99 -1.32 

8 99.99 0.61 ·0.49 1 0.81 2.64 0.27 ·2.11 99.99 ·2.5 

9 99.99 0.7 0.7 ·0.43 1.7 1.9 0.98 -2.73 99.99 ·2.52 

10 99.99 0.72 0.07 1.29 0.2 -0.17 1.32 ·1.47 99.99 -2.87 

11 99.99 1.11 0.53 1.38 1.85 ·2.17 2.06 ·1.38 99.99 -1.54 

Mean log catchability and standard error of ages with catchability 

independent of year class strength and constant w.r.t. time 

Age 2 3 4 5 6 7 8 9 10 11 
Mean log q -9.1126 -9.5793 ·9.9495 ·10.0895 -10.1422 -10.2265 -10.4785 -10.2297 -10.2297 ·10.2297 
S.E(Log q) 0.9992 1.054 0.9552 1.119 1.4492 0.9843 1.7331 1.8339 1.4721 1.7216 

Regression statistics : 
Ages with q dependent on year class strength 

Age Slope t-value lntercept RSquare No P1s Reg s.e Mean Log q 

o 1.75 -0.307 8.1 0.03 8 2.81 -10.61 

0.29 3.441 12.29 0.81 8 0.19 ·8.52 
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Table 7.7.2.1 (cont.) 

Ages with q independent of year class strength and constant w.r.t. time. 

Age Slopa t-value lntercept RSquare No Pts Reg s.e MeanQ 

2 0.93 0.07 9.42 0.15 8 1.01 -9.11 

3 0.52 0.984 11.28 0.43 8 0.55 -9.58 

4 -1.67 -1.593 17.7 0.06 8 1.44 -9.95 

5 -0.9 -2.031 14.63 0.17 8 0.83 -10.09 

6 3.16 -0.522 5.67 0.01 8 4.86 -10.14 

7 1.2 -0.271 9.87 0.25 8 1.27 -10.23 

8 -4.93 -1.403 17.86 O .Dl 8 7.97 -10.48 

9 -5.06 -1.33 16.47 0.01 8 8.78 -10.23 

10 2.1 -0.748 9.92 0.08 8 3.17 -10.38 

11 -3.35 -2.696 11.14 0.06 8 4.1 -10.04 

Terminal year survivor and F summaries: 

Age O Catchability dependent on age and year el ass strength 
Year class = 1997 

Fleet Es l ni Exl var N Sea led Estimated 
Su s.e s.e Ratio Weights F 

FL T06: Be West trawl 1 o o o o o o 
FL T07: Be East trawl 1 o o o o o o 
FLT08: Ocl Pt Survay 1943432 0.421 o o 1 0.437 o 
FLT09:0ctSp. Su~e 1 o o o o o o 
FL T1 O: Jul Pt. Surve 1227792 2.997 o o 1 0.009 o 

P shrinkage mean 968904 0.4 0.477 0.008 

F shrinkage mean 423408 1 O.D78 0.019 

Weighted prediction : 

Survivors lnt Ext N Var F 
at end of year s.e s.e Ratio 

1233456 0.28 0.37 4 1.319 0.006 

Age 1 Catchability dependent on age and year class strength 

~ 
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N Table 7.7.2.1 (cont.) 
o 

Year class = 1996 

Fleet Es lnt Ext Var N Sea led Estimated 

Su s.e s.e Ratio Weights F 

FL T06: Be West trawl 242872 0.742 o o 1 0.058 0.892 

FL T07: Be East trawl 1 o o o o o o 
FL TOB: Oct Pt Survey 692153 0.349 0.378 1.08 2 0.257 0.409 

FLT09: Oct Sp. Surve 1 o o o o o o 
FL Tl 0: Jul Pt. Surve 712259 0.3 o o 1 0.355 0.399 

P shrinkage mean 633100 0.42 0.281 0.44 

F shrinkage mean 1824551 1 0.049 0.175 

Weighted prediction : 

Survivors lnt Ext N Var F 

at end of year s.e s.e Ratio 

672713 0.19 0.17 6 0.897 0.419 

Age 2 Catchability constant w.r.t. time and dependent on age 

Yearclass = 1995 

Fleet Es lnt Ext Var N Scaled Estimated 

Su s.e s.e Ratio Weights F 

FL T06: Be West trawl 55596 0.626 0.961 1.54 2 0.194 1.288 

FLT07: Be East trawl 1 o o o o o o 
FLT08: Oct Pt Survey 182984 0.357 0.386 1.08 3 0.582 0.587 

FLT09: Oct Sp. Surve 1 o o o o o o 
FL Tl O: Jul Pt. Surve 360468 1.01 0.859 0.85 2 0.078 0.34 

F shrinkaga mean 550441 1 0.145 0.235 

Weighted prediction : 

Survivors lnt Ext N Var F 

at end of year s.e s.e Ratio 

! 
' 
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Table 7.7.2.1 (cont.) 

179635 0.29 0.37 8 1.251 0.596 

Age 3 Catchability constant w.r.t. time and dependent on age 

Year class = 1994 

Fleet Es lnt Ext Var N Sea led Estimated 

Su s.e s.e Ratio Woights F 

FL T06: Se West trawl 100074 0.562 0.473 0.84 3 0.139 0.431 

FL T07: Be East trawl 1 o o o o o o 
FLTOS: Oct Pt Survey 105986 0.34 0.316 0.93 4 0.36 0.411 

FL T09: Oct Sp. Surve t o o o o o o 
FL T1 O: Jul P!. Surve 162064 0.294 0.17 0.58 3 0.417 0.287 

F shrinkage mean 325163 1 0.084 0.153 

Weighted prediction : 

Survivors lnt Ext N Var F 

at end of year s.e s.e Ratio 

137843 0.21 0.18 11 0.85 0.331 

Age 4 Catchability constant w.r.t. lime and dependent on age 

Year class = 1993 

Fleet Es lnt Ext Var N Scaled Estimated 

Su s.e s.e Ratio Weights F 

FL T06: Be West trawl 266783 0.502 0.509 1.01 4 0.139 0.115 

FL T07: Be East trawl 1 o o o o o o 
FL T08: Oct Pt Survey 433482 0.288 0.351 1.22 5 0.415 0.072 

FLT09: Oct Sp. Surve 1 o o o o o o 
FL T1 0: Jul Pt. Surve 349891 0.28 0.339 1.21 4 0.398 0.089 

F shrinkage mean 296241 1 0.047 0.104 

Weighted prediction : 
N 
~ 
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N Table 7.7.2.1 (cont.) -N 

Survivors lnt Ext N Var F 
at end of year s.e s.e Ratio 

365420 0.18 0.19 14 1.042 0.085 

Age 5 Catchability constant w.r.t. time and dependent on age 

Year class = 1992 

Fleet Es lnt Ext Var N Scaled Estimated 

Su s.e s.e Ratio Weights F 
FL T06: Be West trawl 223851 0.443 0.458 1.04 5 0.161 0.088 
FLTO?: Be East trawl 365256 0.626 o o 1 0.104 0:055 
FL TOB: Oct Pt Survey 388874 0.281 0.3 1.07 6 0.352 0.052 
FL T09: Oct Sp. Surve 253711 0.949 o o 1 0.045 0.078 
FL Tl O: Jul Pt. Surve 243617 0.281 0.221 0.79 5 0.295 0.081 

F shrinkage mean 257275 1 0.043 0.077 

Weighted prediction : 

Survivors lnt Ext N Var F 

at end of year s.e s.e Ratio 

296694 0.17 0.15 19 0.874 0.067 

Age 6 Catchability constant w.r.t. time and dependent on age 

Year ctass = 1991 

Fleet Es lnt Ext Var N Sea led Estimated 

Su s.e s.e Ratio Weights F 

FL T06: Be West trawl 190648 0.391 0.461 1.18 6 0.175 0.054 
FL TO?: Be East trawl 504888 0.413 0.589 1.43 2 0.184 0.021 

FLT08: Oct Pt Survey 327828 0.275 0.231 0.84 7 0.298 0.032 

FL T09: Oct Sp. Surve 236929 0.653 0.906 1.39 2 0.073 0.044 

FL Tl O: Jul PL Surve 353608 0.279 0.261 0.93 6 0.235 0.029 

F shrinkage mean 117051 1 0.033 0.087 
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Table 7.7.2.1 (cont.) 

Weighted prediction : 

Survivors lnt Ext N Var F 

at end of year s.e s.e Ratio 
310077 0.16 0.16 24 1.034 0.034 

Age 7 Catchability constant w.r.t. time and dependent on age 

Year class = 1990 

Fleet Es lnt Ext Var N Scaled Estimated 

Su s.e s.e Ratio Weights F 

FL T06: Se West trawl 71487 0.276 0.158 0.57 7 0.28 0.141 

FL T07: Be East trawl 222759 0.329 0.19 0.58 3 0.204 0.048 

FL TOS: Oct Pl Survey 207783 0.271 0.218 0.8 8 0.215 0.051 

FL T09: Oct Sp. Surve 89820 0.511 0.248 0.49 3 0.085 0.114 

FL T1 0: Jul Pt. SUive 127217 0.273 0.319 1.17 7 0.19 0.082 

F shrinkage mean 77958 1 0.025 0.13 

Weighted prediction : 

Survivors lnt Ext N Var F 

at end of year s.e s.e Ratio 
129306 0.14 0.13 29 0.946 0.081 

Age 8 Catchability constant w.r.t. time and dependent on age 

Year class = 1989 

Fleet Es lnt Ext Var N Sea led Estimated 
Su s.e s.e Ratio Weights F 

FL T06: Be West trawl 80368 0.224 0.102 0.46 8 0.344 0.179 

FL T07: Se East trawl 102864 0.306 0.402 1 .31 4 0.184 0.143 

FL TOS: Oct Pt Survey 124372 0.277 0.25 0.9 9 0.165 0.119 

FLT09: Oct Sp. Surve 107471 0.349 0.174 0.5 4 0.149 0.137 
N 

w 
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"' Table 7.7.2.1 (cont.) :; 

FLT10: Jul Pt. Surve 83608 0.281 0.271 0.97 8 0.136 0.173 

F shrinkage mean 93697 1 0.022 0.156 

Weighted prediction : 

Survivors lnt Ext N Var F 

at end of year s.e s.a Ratio 

95224 0.13 0.1 34 0.767 0.153 

Age 9 Catchability constant w.r.t. time and dependent on age 

Year class = 1988 

Fleet Es lnt Ext Var N Scaled Estimated 

Su s.a 5.9 Ratio Weights F 

FL T06: Be West trawl 55032 0.206 0.158 0.77 9 0.36 0.144 

Fl T07: Be East trawl 91489 0.27 0.172 0.64 5 0.206 0.089 

FLT08: Oct Pt Survey 41618 0.287 0.263 0.92 to 0.125 0.187 

FL T09: Oct Sp. Surve 30754 0.297 0.248 0.84 5 0.183 0.245 

FLT1 O: Jul Pl. Surve 44243 0.291 0.368 1.26 8 0.104 0.177 

F shrinkage mean 29312 t 0.021 0.256 

Weighted prediction : 

Survivors lnt Ext N Var F 

at end of year s.e s.e Ratio 

51171 0.12 o. t t 38 0.927 0.154 

Age 10 Catchability constant w.r.t. time and age (fixed at the value for age) 9 

Year class = 1987 

Fleet Es lnt Ext Var N Sea\ ed Estimated 

Su s.e s.e Ratio Weights F 

FLT06: Be West trawl 82257 0.19 0.066 0.35 to 0.399 0.2 

FL T07: Be East trawl 90054 0.261 0.299 t. 14 6 0.204 0.185 

o\acfm\wgreps\wgmhsa\reports\1999\t-7721 .xls 



Table 7.7.2.1 (cont.) 

FLT08: Oct Pt Survey 40398 0.282 0.261 0.92 11 0.136 0.373 
FL T09: Oct Sp. Surve 74231 0.284 0.181 0.64 6 0.181 0.22 
FLT10: Jul Pt. Surve 37881 0.461 0.566 1.23 8 0.057 0.393 

F shrinkage mean 66480 l 0.024 0.243 

Weighted prediction : 

Survivors lnt Ext N Var F 
at end of year s.e s.e Ratio 

71113 0.12 O.l 42 0.676 0.229 

Age li Catchability constant w.r.t. time and age (fixed at the value for age) 9 

Year class = 1986 

Fleet Es lnt Ext Var N Scaled Estimated 
Su s.e s.e Ratio Weights F 

FL T06: Be West trawl 66637 0.167 0.093 0.5 11 0.397 0.167 
FL TO?: Be East trawl 66026 0.26 0.171 0.66 7 0.192 0.173 
FL T08: Oct Pl Survey 18878 0.31 0.256 0.83 12 0.114 0.507 
FL T09: Oct Sp. Surve 42319 0.258 0.143 0.55 7 0.229 0.258 
FL Tl 0: Jul Pl. Surve 32959 0.507 0.48 0.95 8 0.044 0.321 

F shrinkage mean 89444 l 0.025 0.13 

Weighted prediction : 

Survivors lnt Ext N Var F 
at end of year s.e s.e Ratio 

51334 0.12 O.l 46 0.834 0.217 

N -V. 

o\acfm\wgreps\wgmhsa\reports\1999\t-7721.xls 



N -o- Table 7.7.2.2 Terminal Fs derived using XSA (With F shrinkage) 

Table B Fishing mortality (F) at age 
YEAR 1985 1986 1987 
AGE 

o 
1 0.2887 0.2862 0.04 
2 0.4374 0.5454 0.4893 
3 0.2174 0.233 0.4103 
4 0.0499 0.2422 0.2337 
5 0.1178 0.0957 0.1527 
6 0.0879 0.1659 0.0803 
7 0.0681 0.1043 0.1814 
8 0.1465 0.3309 0.1035 
9 0.1036 0.3579 0.0991 

10 0.1463 0.2399 0.1708 
11 0.1736 0.2735 0.1165 

+QP 0.3002 0.3612 0.0933 
O FBAR 1 0.3002 0.3612 0.0933 

FBAR O· 0.1681 0.2682 0.1938 
FBAR 7· 0.2484 0.3267 0.2933 

0.1741 0.3127 0.1167 
Table B Fishing mortality (F) at age 
YEAR 
AGE 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 FBAR 95-97 

o 
1 
2 0.1407 0.2352 0.0514 O.Q172 0.0312 0.0093 0.0159 0.0068 0.0295 0.0064 0.0143 
3 0.2758 0.2591 0.2339 0.0928 0.2 0.0852 0.1222 0.3833 0.0835 0.4189 0.2952 
4 0.1194 0.1008 0.2465 0.1429 0.1924 0.2704 0.3145 0.1818 0.2135 0.5961 0.3305 
5 0.1467 0.157 0.1114 0.0812 0.1391 0.2455 0.137 0.1642 0.0795 0.3307 0.1915 
6 0.1101 0.1915 0.0788 0.08 0.0917 0.1266 0.0836 0.0909 0.1252 0.0852 0.1005 
7 0.1468 0.1654 0.0986 0.0791 0.069 0.1275 0.0513 0.0711 0.0671 0.0674 0.0685 
8 0.1181 0.229 0.1017 0.1249 0.087 0.0827 0.1358 0.0624 0.064 0.0335 0.0533 
9 0.2012 0.0861 0.1852 0.167 0.1707 0.1614 0.1077 0.1318 0.0787 0.0808 0.0971 

10 0.1521 0.1865 0.1652 0.2468 0.1802 0.2002 0.1666 0.1231 0.1063 0.1535 0.1276 
11 0.2835 0.2791 0.2224 0.193 0.4157 0.3626 0.1958 0.1425 0.1573 0.1545 0.1514 

+QP 0.5136 0.5349 0.1801 0.3068 0.2235 0.3265 0.1899 0.3036 0.1651 0.2285 0.2324 
O FBAR 1 0.3256 0.3597 0.2954 0.2208 0.2755 0.2242 0.2188 0.3115 0.362 0.2174 0.297 

FBAR O· 0.3256 0.3597 0.2954 0.2208 0.2755 0.2242 0.2188 0.3115 0.362 0.2174 
FBAR 7- 0.2175 0.2317 0.1745 0.1577 0.1859 0.2012 0.1567 0.1787 0.1366 0.2151 

1 0.1706 0.188 0.1608 0.0835 0.1407 0.1526 0.1474 0.184 0.1015 0.338 
0.2952 0.2893 0.2097 0.2269 0.2531 0.255 0.1758 0.2025 0.1739 0.1669 
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Table 7.7.2.3 Terminal Fs derived using XSA (With F shrinkage) 

Table 10 Stock number at age (start of year) Numbers---10.."·3 

YEAR 

AGE 1985 1986 1987 
o 
1 
2 1692388 2665050 1465914 
3 905050 1091402 1722991 
4 468248 502994 544475 
5 1767404 324271 342940 
6 254152 1447140 219077 
7 187946 194446 1131860 
8 115841 148161 141771 
9 58223 93142 114897 

10 43588 43282 57581 
11 49660 33823 26046 

+gp 31201 36926 22901 
o TOll 13357 22574 24177 

39707 49748 67007 
5626764 6652959 5881640 

Table 10 Stock num ber at age (start of year) Numbers·1o••.3 
YEAR 

AGE 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 GMST 85-95 
o 
1 
2 1001729 1247574 1034932 2004523 1603389 1245097 644037 558288 1420348 1440488 o 1256310 
3 1212256 749057 848785 846150 1695821 1337718 1061721 545575 477264 1186931 1233456 1034904 
4 909119 791932 497536 578216 663769 1195016 1057381 808676 320082 377894 672713 694098 
5 310904 694401 616274 334686 431386 471337 784900 664481 580316 222527 179635 530064 
6 233659 231078 510849 474499 265596 323082 317379 589092 485320 461299 137843 368311 
7 161853 180147 164227 406357 377017 208565 245008 251253 462961 368547 365420 261414 
8 899036 120283 131421 128079 323149 302877 158028 200328 201415 372616 296694 192851 
9 101775 687622 82339 102181 97294 254968 239990 118748 162001 162616 310077 134443 

10 89165 71630 542990 58890 74423 70599 186743 185465 89583 128880 129306 92085 
11 44883 65919 51162 396186 39603 53495 49742 136065 141140 69327 95224 60198 

+QP 18897 29095 42922 35256 281160 22493 32040 35200 101561 103797 51171 36573 
o TOll 17543 9732 14668 30855 22329 193521 13967 22807 22364 74111 71113 22573 

52719 41712 47916 55184 55179 30255 75253 87114 83674 78353 105595 
5053539 4920184 4586024 5451063 5930116 5709026 4866188 4203094 4548031 5047384 3648247 

N -..... 
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Table 7.7.2.4 Summary (without SOP correction) 

Terminal Fs derived using XSA (With F shrinkage) 

1985 RECRUITS TOTALBIO TOTSPBIO LANDINGS YIELD/SSB FBAR 1-11 
1986 Age o 
1987 1692387 313665 136355 43530 0.3192 0.1681 
1988 2665051 354009 193584 71490 0.3693 0.2682 
1989 1465914 375219 218472 54650 0.2501 0.1938 
1990 1001729 371881 221428 56390 0.2547 0.2175 
1991 1247575 362922 219030 56396 0.2575 0.2317 
1992 1034932 370924 234617 49207 0.2097 0.1745 
1993 2004524 368648 239867 45511 0.1897 0.1577 
1994 1603390 392874 233861 50956 0.2179 0.1859 
1995 1245097 399280 223097 57428 0.2574 0.2012 
1996 644038 371351 199315 52588 0.2638 0.1567 
1997 558288 375989 226997 52681 0.2321 0.1787 

1420348 361961 243635 44690 0.1834 0.1366 
Arith. 1440488 379213 255367 56770 0.2223 0.2151 

Mean 

O Units 1386443 369072 218894 53253 0.2483 0.1912 
1 

(Thousands) (Tonnes) (Tonnes) (Tonnes) 
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FBAR 0-3 FBAR 7-11 

0.2484 0.1741 
0.3267 0.3127 
0.2933 0.1167 
0.1706 0.2952 

0.188 0.2893 
0.1608 0.2097 
0.0835 0.2269 
0.1407 0.2531 
0.1526 0.255 
0.1474 0.1758 

0.184 0.2025 
0.1015 0.1739 

0.338 0.1669 

o 0.2194 



Tab le 7 .8.1 Input data for the predictions 

Soutnern horse mackerel (Divisions Vlllc and IXa> 
15:42 Thursday, October 1, 1998 

Single option prediction: Input data 

Year: 1998 

Stoclr: Natural Maturity Prop.of F Prop.of M \.leight Exploit. Weight 
Age size mortal i ty ogive bef.spaw. bef.spaw. in stock pattern in catch 

o 13~.450 0.1500 0.0000 0.2500 0.2500 0.000 0.0143 0.022 
1 1233.456 0.1500 0.0000 0.2500 0.2500 0.032 0.2952 0.033 
2 672.413 0.1500 0.0400 0.2500 0.2500 0.055 0.3305 0.054 
3 ~ 179.635 0.1500 0.2700 0.2500 0.2500 0.075 0.1915 0.091 
4 137.843 0.1500 0.6300 0.2500 0.2500 0.105 0.1005 0.123 
5 365.420 0.1500 0.8100 0.2500 0.2500 0.127 0.0685 0.149 
6 296.694 0.1500 0.9000 0.2500 0.2500 0.154 0.0533 0.171 
7 310.077 0.1500 0.9500 0.2500 0.2500 0.176 0.0971 0.202 
8 129.306 0.1500 0.9700 0.2500 0.2500 0.213 0.1276 0.209 
9 95.224 0.1500 0.9800 0.2500 0.2500 0.240 0.1514 0.246 

10 51.171 0.1500 0.9900 0.2500 0.2500 0.269 0.2324 0.233 
11 71.113 0.1500 1.0000 0.2500 0.2500 0.304 0.2970 0.265 
12+ 105.595 0.1500 1.0000 0.2500 0.2500 0.318 0.2970 0.313 

Unit Mill ions . . . . Ki lograms . Ki lograms 

Year: 1999 

Recruit· Natura l Natur i ty Prop.of F Prop.of N Weight Explo'it. Weight 
Age mont mor tal i ty og i ve bef ·•P"•· bef.spo•. in stock pettern in catch 

o 1362.450 0.1500 0.0000 0.2500 0.2500 0.000 0.0143 0.022 
1 0.1500 0.0000 0.2500 0.2500 0.032 0.2952 0.033 
2 0.1500 0.0400 0.2500 0.2500 0.055 0.3305 0.054 
3 0.1500 0.2700 0.2500 0.2500 0.075 0.1915 0.091 
4 0.1500 0.6300 0.2500 0.2500 0.105 0.1005 o. Ll3 
5 o. 1500 0.8100 0.2500 0.2500 o. 127 0.0685 0.149 
6 o. 1500 0.9000 0.2500 0.2500 o. 154 0.0533 o. 171 
7 o. 1500 0.9500 0.2500 0.2500 o. 176 0.0971 0.202 
8 o. 1500 0.9700 0.2500 0.2500 0.213 0.1276 0.209 
9 0.1500 0.9800 0.2500 0.2500 0.240 0.1514 0.246 

10 0.1500 0.9900 0.2500 0.2500 0.269 0.2324 0.233 
1 1 o. 1500 1 .0000 0.2500 0.2500 0.304 0.2970 0.265 
12+ 0.1500 1.0000 0.2500 0.2500 0.318 0.2970 0.313 

Unit MH l ions . . . . IC il ogr ams . ICi lograms 

Year: 2000 

Recrui t- Natura l Maturfty Prop.of F Prop.of M Weight Exploit. Weight 
Age ment mortal i ty og i ve bef.spaw. bef.spao. in stock pattern in catch 

o 1362.450 0.1500 0.0000 0.2500 0.2500 0.000 0.0143 0.022 
1 . o. 1500 0.0000 0.2500 0.2500 0.032 0.2952 0.033 
2 0.1500 0.0400 0.2500 0.2500 0.055 0.3305 0.054 
3 o. 1500 0.2700 0.2500 0.2500 0.075 0.1915 0.091 
4 o. 1500 0.6300 0.2500 0.2500 o. 105 0.1005 0.123 
5 0.1500 0.8100 0.2500 0.2500 o. 127 o.~~ o. 149 
6 o. 1500 0.9000 0.2500 0.2500 o. 154 O.OSJJ 0.171 
7 0.1500 0.9500 0.2500 0.2500 o. 176 0.0971 0.202 
8 0.1500 0.9700 0.2500 0.2500 0.213 0.1276 0.209 
9 0.1500 0.9800 0.2500 0.2500 0.240 0.1514 0.246 

10 0.1500 0.9900 0.25011 0.2500 0.269 0.2324 0.233 
11 o. 1500 1.0000 0.2500 0.2500 0.304 0.2970 0.265 
12+ o. 1500 1.0000 0.2500 0.2500 0.318 0.2970 0.313 

Unit Millions . . . . ICi lograms . Ki lograms 

Not es: Run name : SPRPA802 
Oate and time: 010CT98:17:05 
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Table 7.8.2.a Prediction with managent option table 

Southern horse mackerel CDivisions VIlle and IXa) 

Prediction with management option table 

Year: 1998 Year: 1999 

F Reference Stock Sp.stock Catch in F Reference Stock 
Factor F biomass biomass weight Factor F biomass 

1.0000 0.1768 703275 255881 55771 0.0000 0.0000 758302 
0.1000 0.0177 
0.2000 0.0354 

' 
0.3000 0.0530 
0.4000 0.0707 
0.5000 0.0884 
0.6000 0.1061 
o. 7000 0.1238 
0.8000 0.1415 
0.9000 0.1591 
1.0000 0.1768 
1.1000 0.1945 
1. 2000 0.2122 
1.3000 0.2299 
1.4000 0.2475 
1.5000 0.2652 
1.6000 0.2829 
1. 7000 0.3006 
1.8000 0.3183 
1. 9000 0.3360 
2.0000 0.3536 

. . Tornes Tonnes Tonnes . . Tonnes 

Notes: Run name : MANPA803 
Oato and time 010CT98:17:18 
Computation of ref. F: Simple mean, age 1 • 11 
Basis for 1998 : F factors 

Table 7.8.2b 
The SAS System 

Southern horse mackerel <Divisions VIlle and IXa> 

Year: 1998 

F Reference stock 
Factor F biomass 

1.0046 0.1776 703275 

. . Tonnes 

Notes: Run name 
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Date and tlme 
Computation of ref. F 
Basis for 1998 

Prediction with management option table 

Sp.stock Catch in F 
biomass weight Factor 

255836 56000 

. 

Tonnes Tonnes 

MANPAB03 
060CT98:12:11 
Simple mean, age 1 • 11 
TAC constraints 

0.0000 
o. 1000 
0.2000 
0.3000 
0.4000 
0.5000 
0.6000 
0.7000 
0.8000 
0.9000 
1 .0000 
1.1000 
1.2000 
1.3000 
1.4000 
1.5000 
1 .6000 
1. 7000 
1 .8000 
1.9000 
2.0000 

. 

Year: 1999 

Reference Stock 
F biOIIIISS 

0.0000 757512 
0.0177 
0.0354 
0.0530 
0.0707 
0.0884 
0.1061 
0.1238 
o. 1415 
o. 1591 
o. 1768 
0.1945 
0.2122 
0.2299 
0.2475 
0.2652 
0.2829 
0.3006 
0.3183 
0.3360 
0.3536 

. Tonnes 

15:42 Thursday, October 1, 1998 

Year: 2000 

Sp.stock. Catch in Stock Sp.stock. 
biomass weight biomass biomass 

255120 o 922057 288158 
254084 6456 900228 282140 
253054 12767 878994 276282 
252029 18937 858340 270578 
251010 24970 838247 265024 
249997 30870 818700 '. 259614 
248989 36639 799685 254346 
247986 42281 781184 249214 
246989 47799 763185 244214 
245997 53198 745672 239343 
245010 58479 728632 234596 
244028 63646 712052 229970 
243052 68701 695918 225461 
242081 73648 680218 221065 
241115 78490 664940 216780 
240154 83228 650071 212602 
239198 87866 635600 208527 
238248 92407 621516 204553 
237302 96852 607807 200677 
236362 101204 594464 196896 
235426 105465 581476 193208 

Tonnes Tonnes Tomes Tomes 

12:10 Tuesday, October 6, 1998 

Year: 2000 

Sp.stock Catch in Stock Sp.stock 
biomass weight biomass blomass 

254946 o 921751 287970 
253911 6450 899929 281957 
252882 12756 878702 276103 
251858 18921 858054 270403 
250840 24949 837968 264853 
249828 30844 818428 259448 
248821 36608 799418 254184 
247819 42245 780924 249056 
246822 47759 762930 244060 
245831 53153 745423 239192 
244845 58430 728389 234449 
243865 63593 711814 229826 
242889 68644 695685 225320 
241919 73587 679990 220928 
240954 78424 664717 216646 
239994 83159 649853 212471 
239039 87793 635387 208399 
238089 92330 621307 204428 
237144 96771 607603 200555 
236205 101120 594265 196777 
235270 105378 581281 193091 

Tonnes Tonnes Tonnes Tonnes 



Table 7.8.2c 

Southern norse meckerel (Divisions VIlle and IXa) 
15:42 Thursday, October 1, 1998 

Single option prediction: Detailed tables 

Year: 1998 F·factor: 1.0000 Reference F: 0.1768 1 January Spawning time 

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stoek 
Age F nultlers weight size biomass size biomass size biomass 

o 0.0143 17967 395 1362450 o o o o o 
1 0.2952 293864 9698 1233456 39471 o o o o 
2 0.3305 176457 95Z9 6n413 36983 26897 1479 23852 1312 
3 .o. 1915 29142 2652 179635 13473 48501 3638 44532 3340 
4 0.1005 12254 1507 137843 14474 86841 9118 81569 8565 
5 0.0685 22485 3350 365420 46408 295990 37591 280255 35592 
6 0.0533 14310 2447 296694 45691 267025 41122 253792 39084 
7 0.0971 26677 5389 310077 54574 294573 51845 276927 48739 
8 0.1276 14407 3011 1Z9306 27542 125427 26716 117017 24925 
9 o. 1514 12447 3062 95224 22854 93320 22397 86546 20771 

10 0.2324 9882 2303 51171 13765 50659 13627 46041 12385 
11 0.2970 17031 4513 71113 21618 71113 21618 63594 19333 
12+ 0.2970 25290 7916 105595 33579 105595 33579 94430 30029 

Total 6n214 55771 5010397 370431 1465941 262730 1368557 244074 

unit . T~ousonds Tomes Thousands Tomes Thousancts Tomes Thousanc:ls Tomes 

Year: 1999 F·factor: 1.0000 Reference F: 0.1768 1 January SpMning time 

Absolute Catch in Catth in Stock Stock Sp.stock sp.stock Sp.stock Sp.stock 
Age F nultlers ..ei~t size biomass size biomass size biomass 

o 0.0143 17967 395 1362450 o o o ~ o 
1 0.2952 275416 9089 1156022 36993 o o o 
2 0.3305 207385 11199 790270 43465 31611 1739 28033 1542 
3 0.1915 67465 6139 415870 31190 112285 8421 103096 m2 
4 0.1005 11350 1396 127667 13405 80430 8445 75548 7933 
5 0.0685 6602 984 10n99 13627 86912 11038 82Z92 10451 
6 0.0533 14165 2422 293697 452Z9 264327 40706 251228 38689 
7 0.0971 20830 4208 242112 42612 230007 40481 216228 38056 
8 o. 1276 26985 5640 242190 51586 234924 50039 219173 46684 
9 o. 1514 12805 3150 97962 23511 96003 23041 89035 21368 

10 0.2324 13605 3170 70445 18950 69741 18760 63382 17050 
1 1 0.2970 8361 2216 34910 10613 34910 10613 31219 9491 
12+ 0.2970 27066 84n 113013 35938 113013 35938 101063 32138 

Total 710002 58479 5053906 367118 1354161 249221 1260297 231134 

Unit . Thousands Tomes Thousands Tornes Thousands Tomes Thousands Tonnes 

Year: 2000 F·factor: 1.0000 Reference F: 0.1768 1 January S~wning time 

J Absolute Catch in Catch in Stoclc: Stock Sp.stock Sp.stock Sp.stock Sp. stock 
Age F nultlers weight size biomass size biomass size biomass 

1-
c 0.0143 17967 395 1362450 o o o o o 
1 0.2952 275416 9089 1156022 36993 o o o o 
2 0.3305 194366 10496 740659 40736 29626 16Z9 26273 1445 
3 o. 1915 79290 n15 488762 36657 131966 9897 121167 9087 
4 o. 1005 26276 3232 295560 31034 186203 19551 174900 18364 
5 0.0685 6115 911 99378 12621 80496 10223 76217 9680 
6 0.0533 4159 711 86238 13281 77615 11953 73768 11360 
7 0.0971 20619 4165 239666 42181 227683 4oon 214043 376n 
8 0.1276 21070 4404 189105 40279 183432 39071 171133 36451 
9 0.1514 23984 5900 183483 44036 179813 43155 166762 40023 

10 0.2324 13996 3261 n471 19495 71746 19300 65205 17540 
1 1 0.2970 11510 3050 48059 14610 48059 14610 42978 13065 
12+ 0.2970 22657 7092 94603 30084 94603 30084 84600 26903 

Total 717425 59921 5056455 362006 1311241 239545 1217046 221591 

Unit . Thousands Tomes Thousands Tornes T~ousands Tomes Thousands Tonnes 

ccont.) 
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Table 7.9.1 Codes used in the output of the short-term forecast scnsitivity analysis. 

NI Population at age l 
sHl Exploitation pattern of age l 
WHl Catch weight at age l 
WSI Stock weight at age l 
Ml Natura! mortality at age l 
MTI Maturity at age l 
HF99 Effon multiplier in 1999 
K98 Natura! mortality multiplicr in 1998 
R99 Recruitment in 1999 

(Numbers in these codes represent age class or year) 

222 
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Table 7.9.2 Parameter values and CV' su sed as input for the sensitivity analysis. 

Parameter Value CV Parameter Value CV Parameter Value CV Parameter Va lue CV 
NO 1361478 0.4 WHO 0.021 0.38 MO 0.15 0.1 R99 1361478 0.4 
N1 1232646 0.37 WH1 0.033 0.11 M1 0.15 0.1 R** 1361478 0.4 
N2 671413 0.19 WH2 0.059 0.1 M2 0.15 0.1 HF98 1 0.22 
N3 179489 0.37 WH3 0.095 0.08 M3 0.15 0.1 HF99 1 0.22 
N4 137001 0.21 WH4 0.121 0.08 M4 0.15 0.1 HF** 1 0.22 
NS 365441 0.19 WHS 0.147 0.05 MS 0.15 0.1 K98 1 0.1 
N6 295305 0.17 WH6 0.175 0.03 M6 0.15 0.1 K99 1 0.1 
N7 309137 0.16 WH7 0.199 0.04 M7 0.15 0.1 K** 1 0.1 
NB 129195 0.14 WH8 0.213 0.02 MS 0.15 0.1 
N9 95366 0.13 WH9 0.236 0.04 M9 0.15 0.1 
N10 51150 0.12 WH10 0.254 0.08 M10 0.15 0.1 
N11 71003 0.12 WH11 0.278 0.05 M11 0.15 0.1 
N12 105142 0.12 WH12 0.326 0.04 M12 0.15 0.1 
sHO 0.014 1.11 WSO o O MTO o o 
sH1 0.296 0.53 WS1 0.032 O MT1 o 0.1 
sH2 0.331 0.5 WS2 0.055 O MT2 0.04 0.1 
sH3 0.192 0.48 WS3 0.075 O MT3 0.27 0.1 
sH4 0.101 0.45 WS4 0.105 O MT4 0.63 0.1 
sHS 0.069 0.22 wss 0.127 O MTS 0.81 0.1 
sH6 0.053 0.49 WS6 0.154 O MT6 0.9 0.1 
sH7 0.097 0.32 WS7 0.176 O MT7 0.95 0.1 
sHS 0.128 o.o6 wsa 0.213 o MTB 0.97 0.1 
sH9 0.152 0.26 WS9 0.24 o MT9 0.98 0.1 
sH10 0.233 0.25 WS10 0.269 O MT10 0.99 0.1 
sH11 0.299 0.46 WS11 0.304 O MT11 1 0.1 
sH12 0.299 0.46 WS12 0.351 0.02 MT12 1 o 

0:\Acfm\ W greps\ Wgmhsa\Reports\1999\ T-792.Doc 
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Table 7.11.1 Yield per recruit summa ry table 

Southern horse mackerel (Oivisions Vlllc and IXa) 

Yield per recruit: Summary table 

F. Reference Catch in 
Factor F nlJTtlers 

0.0000 0.0000 0.000 
0.1000 0.0177 0.106 
0.2000 0.0354 0.189 
0.3000 0.0530 0.255 
0.4000 0.0707 0.311 
0.5000 0.0884 0.358 
0.6000 0.1061 0.398 
0.7000 0.1238 0.434 
0.8000 0.1415 0.465 
0.9000 o. 1591 0.493 
1.0000 0.1768 0.518 
1.1000 0.1945 0.540 
1.2000 0.2122 0.560 
1.3000 0.2299 0.578 
1.4000 0.2475 0.595 
1.5000 0.2652 0.610 
1.6000 0.2829 0.623 
1. 7000 0.3006 0.636 
1.8000 0.3183 0.648 
1.9000 0.3360 0.658 
2.0000 0.3536 0.668 

. . NU'flbers 

Notes: Run name 

Catch in Stock 
weight size 

0.000 7.179 
15.397 6.473 
25.024 5.925 
31.217 5.483 
35.252 5.115 
37.876 4.803 
39.550 4.534 
40.5n 4.300 
41.138 4.093 
41.383 3.910 
41.400 3.747 
41.256 3.600 
40.998 3.468 
40.660 3.349 
40.268 3.241 
39.840 3.143 
39.391 3.053 
38.930 2.971 
38.465 2.896 
38.003 2.827 
37.546 2.764 

Grøms Nl.llbers 

YLDPA802 
010CT98:17:33 Date and time 

Computation of ref. 
F-0.1 factor 

F: Simple mean, age 1 
0.5148 
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F·max factor 
F-0.1 reference F 
F·max reference F 
Rec ru i tment 

0.9577 
0.0910 
0.1693 
Single recruit 

1 January 

Stock Sp.stock sp.stock 
biomass size biomass 

980.077 3.774 832.679 
807.741 3.151 667.798 
681.699 2.682 548.673 
585.241 2.313 458.641 
508.966 2.015 388.339 
447.154 1.767 332.082 
396.108 1.559 286.206 
353.322 1.382 248.234 
317.027 1.229 216.426 
285.936 1.097 189.521 
259.088 0.981 166.579 
235.744 0.880 146.884 
215.329 o. 791 129.878 
197.385 o. 711 115.124 
181.544 0.641 102.268 
167.505 0.579 91.025 
155.021 0.523 81.161 
143.884 0.474 n.483 
133.921 0.429 64.827 
124.986 0.389 58.059 
116.952 0.353 52.064 

Grams Nt.nbers Grams 

. . 11 

15:42 Thursday, October 1, 1998 

Spawning time 

Sp.stock Sp.stodc 
size biomass 

3.635 802.032 
3.022 639.932 
2.562 523.324 
2.202 435.569 
1.911 367.329 
1.671 312.940 
1.469 268.757 
1.298 232.320 
1. 151 201.904 
1.024 176.263 
0.914 154.468 
0.817 135.814 
0.732 119.756 
0.657 105.862 
0.590 93.788 
0.531 83.258 
0.479 74.042 
0.432 65.954 
0.390 58.836 
0.353 52.559 
0.319 47.010 

Nurbers Grams 



Table 7.14.1 
The SAS Systetn 

Soutnern horse mackerel (Divisions VIlle and IXa) 

Single option prediction: summary tible 

F status quo 

Year F Reference 
Factor F 

1998 1.0000 0.1768 
1999 1.0000 0.1768 
2000 1.0000 0.1768 

Unit . . 

Notes: Run name 
Date and time 
Computation of ref. 
Prediction basis 

Catch in Cateh in ......... weight 

672214 55771 
710002 58479 
717425 59921 

Thousands Tomes 

SPRPA802 
040CT98: 11:30 

Stock 
size 

5010397 
5053906 
5056455 

Thousands 

F: Simple mean, age 1 - 11 
F factors 

stock 
biOIIIIISS 

370431 
367118 
362006 

Tomes 

The SAS System 

Southern horse mackerel COivisions VIlle and IXa) 

1 January 

sp.stcck sp.stock 
size biamass 

1465941 262730 
1354161 249221 
1311241 239545 

Thousands Tomes 

Single option prediction: Summary table 

F pa (= F max) 1 January 

Year F Reference Catch in Catch in Stock Stock. Sp.stock Sp.stock 

F I"UII>ers weight size biornass size biomass 
Factor 

1998 0.9577 0.1693 647088 53651 5010397 370431 1465941 262730 

1999 0.9577 0.1693 687935 56696 5077038 369541 1362158 250697 

2000 0.9577 0.1693 697257 58410 5096665 366605 1328932 242564 

Thousands Tomes Thousands Tomes Thousands Tomes 
Unit . . 

Notes: Run nane SPRPA802 
oate and time 020CT98:16:06 
Computation of ref. F: Simple mean, age 1 - 11 
Prediction basis F factors 

Tl'le SAS System 
Soutl'lern Morse mackerel (Divisions VIlle and IXa) 

Single option prediction: Summary table 

Fmed 1 January 

Year F Reference Catch in catcl'l in Stock Stock sp.stock Sp.stock 
Factor F I"UII>ers weight size biomass size biornass 

1998 0.9338 0.1651 632774 52445 5010397 370431 1465941 262730 
1999 0.9338 0.1651 675211 55667 5090219 370920 1366707 251536 
2000 0.9338 0.1651 685557 57526 5119719 369241 1339069 244292 

Unit . . Thousands Tonnes Thousands Tonnes Thousands Tomes 

Hotes: Run name SPRPA802 
o a te and time 020CT98: 16:06 
Computation of ref. F: Simple mean, age 1 - 11 
Prediction basis F factors 

11:28 Sunåay, October 4, 1998 

Spawning time 

Sp.stock Sp.stock. 
size biomass 

1368557 244074 
1260297 231134 
1217046 221591 

Thousancls Tonnes 

09:47 Friday, October 2, 1998 

Spawni ng time 

Sp.stock Sp.stock 
size biamass 

1370355 244445 
1269496 232857 
1235317 224747 

Thousands 1omes 

09:47 Friday, October 2, 1998 

Spawning time 

Sp.stock Sp.stock 
size biomass 

13713n 244655 
1274735 233839 
1245798 226556 

Thousands Tonnes 
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Table 7.14.1 (cont.) 

Soutl'lern horse mackerel <Divisions VIlle and IXa) 
Tl'le SAS System 

Single option prediction: Summary table 

F corresponding to co t t TAC ns an 

Year F Reference Catch in Catch in Stock Stock Factor F nuri:ærs weight size biomass 

1998 1.0046 o.1n6 674920 56000 5010397 370431 1999 0.9537 o. 1686 680469 56000 5051415 366857 2000 0.9192 0.1625 670507 56000 5081501 364572 

Unit . . Tl'aousands Tonnes Thousands Tonnes 

Not es: Run"_ : SPRPAB02 
Date and time 
Computation of ref. F: 
Prediction basis 

040CT98: 1 1 :30 
Simple mean, age 1 
TAC constraints 

Southern horse mackerel (Divisions VIlle and IXa) 

- 11 

The SAS System 

1 January 

Sp. stock Sp. stoek. 
size biomass 

1465941 262730 
1353299 249062 
1319787 241062 

Thousands Tonnes 

Single option prediction: Summary table 

F corresponding to T AC 1997 

Year F Reference 
Factor F 

1998 1.0046 o.1n6 
1999 1.0046 o.1n6 
2000 1 .0046 o.1n6 

Unit - -

Notes: Run name 
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Date and time 
Computation of ref. 
Prediction basis 

Catch in Catch in 
.....mers weight 

674930 56001 
712367 58670 
719577 60081 

Thousands Tonnes 

SPRPAB02 
040CT98: 11 :30 

Stoc:k 
size 

5010397 
5051406 
5052127 

Thousands 

F Simple mean, age 1 - 11 
F factors 

1 January 

Stock Sp.stoc:k Sp.stock 
biomass size bf0fii8SS 

370431 1465941 262730 
366856 1353296 249061 
361511 1309336 239220 

ToMes ThCMJsands Tomes 

11:28 Sunday, October 4, 1998 

Spawning time 

Sp.stoc:k Sp. stock 
size bianass 

1368362 244034 
1261497 231391 
1228573 223707 

Thousands Tonnes 

11:28 Sunday, October 4, 1998 

Spawning time 

Sp.stock Sp.stoct 
size biomass 

1368361 244034 
1259303 230947 
1215080 221251 

Thousands Tonnes 
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Figure 7.3.1.1.- The age composition of southern horse mackerel 
in the international catches from 1985-1997. 
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Figure 7.7.1.1 SSB estimates in 1995, 1996 and 1997 by source of independent information. 
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Figure 7.7.2.1 Comparison of the 1996 and 1997 assessments for different F's bar from the final VPA. 
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Figure 7.7.2.2 Comparison of the SSB estimates from the 1995- 1997 analytical assessments and the 1995 egg survey. 
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Fish Stock Summary 
Southern horse mackerel (Divisions VIlle and I.Xa) 
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Figure 7.9.1 Sensitivity anal y sis of short term forecast for the Southern Horse Mackerel 
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Figure 7.9.2 Probability profiles for short term forecast of the Southem Horse Mackerel 

O:\ACFM\WGREPS\WGMHSA\REPORTS\1999\F-77-8-9.DOC 

• o o 
:~;j 

i 
/BC 

235 



N 
w 
o-, 

Figure 7.10.1 Southern Horse Mackerel. Medium term projections. Solid lines show 5, 1 O, 20, 50 and 95 percentiles, 
number of simulations 500, Relative Cons. effort = 1.0 
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Figure 7.10.2 Southern Horse Mackerel - Mediurn terrn predictions with 5th, 1Oth, 20th and 50th percentiles 
of SSB in 2000 for different F-factors applied to status quo F. 500 simulations. 
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Figure 7.10.3 Southern Horse Mackerel- Medium term predictions with 5th, 10th, 20th and 50th percentiles 
of SSB in 2007 for different F-factors applied to status quo F. 500 simulations. 
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Figure 7.12.1 Estimates of some biological reference points for southern horse mackerel. 
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Figure 7.12.2 Recruits (age O) versus Spawning Stock Biomass. 
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Figure 7.14.1 Predicted SSB in 1998, 1999 and 2000, and PA reference points for the Southern Horse MackereL 
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